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Problem 
Relatively poor levels of mathematical thinking among American school 
children have been identified as a major issue over the past half century.  Many 
efforts have been made to increase the mathematics performance of children in 
schools.  Additionally, out-of-school-time programs have attempted to address this 
issue as well.  Holistic development is one of the distinguishing features of Seventh-
day Adventist instructional programs.  Yet, as of 2007, the Pathfinder program, an 
informal educational program operated by the world-wide Seventh-day Adventist 
church, had no instructional product designed to foster participants’ cognitive 
development in mathematics.  This study focused on the empirical development of 
an out-of-school-time geometry curriculum and looked at its impact on mastery of 
geometric concepts. This program was entitled Geometry in Real-life Application 
Curriculum Experiences (G.R.A.C.E.). 
Method 
The instructional product development procedure of Baker and Schutz was 
employed in this study.  First the need for an empirically developed geometry 
education product for Pathfinders was established.  Then behavioral objectives 
were written, based on the standards developed by the National Council of Teachers 
of Mathematics and geometry education literature. 
Instructional activities were prepared to help meet each objective and 
organized in logical sequence. Bloom’s Revised Taxonomy served as a resource 
during initial instructional development. The Baker and Schutz process stipulated 
that the instructional product undergo repeated tryouts with members of the target 
population.  The development process would be considered complete when a 
minimum of 80% of G.R.A.C.E. Project participants scored at least 80% on each of 
the stated objectives.  Accordingly, the instructional product was subjected to 
repeated revision during its developmental stages. Appropriate adjustments were 
made to eliminate specific weaknesses. Both developer’s and participant’s manuals 
were created in their final forms. 
 
Results 
The completed G.R.A.C.E. Project consists of a developer’s manual, pre- and 
post-tests for participants, and a participant’s manual. The developer’s manual 
covers both relevant content and detailed procedures for project presentation and 
test administration. The participants’ manual presents mathematics content to be 
mastered by participants. In addition, review questions and answers, diagrams, and 
charts are included to facilitate mastery of project contents. The pre-/post-test 
inventory consists of a 25-item cognitive instrument combined with a 20-item 
affective instrument. After three field trials and revisions of the curriculum, the 
product was delivered to 25 subjects. These subjects were able to achieve cognitive 
mastery at the level specified for the 25 objectives. 
Based on the assumptions of the Baker and Schutz model the percentage 
difference between affective post- and pre-test scores was expected to be positive, 
yielding a moderate effect size. However, the average effect size for all four groups 
was .868, indicating a high impact of program on subjects’ interest in and 
appreciation of geometry concepts. 
 
Conclusions 
This study provided insight into the role of curriculum developers as they 
engage in the process of empirical development. It also provided a resource for 
instructors in Pathfinder instructional programs in the Lake Union Conference of 
Seventh-day Adventists. Other Seventh-day Adventist audiences may also utilize a 
modified version of the instrument in their instructional programs for Pathfinders.  
  
 
 
 
 
 
Andrews University 
 
School of Education 
 
 
 
EMPIRICAL DEVELOPMENT OF AN INSTRUCTIONAL 
PRODUCT AND ITS IMPACT ON MASTERY 
OF GEOMETRY CONCEPTS 
 
 
 
 
A Dissertation 
Presented in Partial Fulfillment 
of the Requirements for the Degree 
Doctor of Philosophy 
 
by 
Donaldson Williams 
March 2009 
  
©Copyright by Donaldson Williams 2008 
All Rights Reserved
  
 
 
 
EMPIRICAL DEVELOPMENT OF AN INSTRUCTIONAL 
PRODUCT AND ITS IMPACT ON MASTERY 
OF GEOMETRY CONCEPTS 
 
 
A dissertation 
presented in partial fulfillment 
of the requirements for the degree 
Doctor of Philosophy 
by 
Donaldson Williams 
 
 
APPROVAL BY THE COMMITTEE: 
 
_______________________________ ______________________________ 
Chair: Larry D. Burton Dean, School of Education 
 James Jeffery 
 
_______________________________ 
Member: R. Lee Davidson 
 
 
_______________________________ 
Member: Lionel Matthews 
 
 
________________________________ _______________________________ 
External: Lynelle Weldon Date approved 
iii 
 
 
 
To Pastor Phillip N. Hosten, Kenneth Palmer, and Dr. Adrian Westney,  
distinguished veteran leaders in the Seventh-day Adventist Church  
Organization, my mentors and brothers in Christ
iv 
TABLE OF CONTENTS 
LIST OF TABLES ...........................................................................................................................  vii 
ACKNOWLEDGMENTS ..............................................................................................................  viii 
Chapter 
 I. INTRODUCTION ............................................................................................................  1 
 Background to the Problem ...........................................................................  1 
 Statement of the Problem ...............................................................................  3 
 Purpose of the Study .........................................................................................  4 
 Rationale ................................................................................................................  4 
 Theoretical Framework of the Study ..........................................................  5 
 Overview of Method ..........................................................................................  9 
 Delimitations of the Study ..............................................................................  11 
 Limitations of the Study ..................................................................................  12 
 Definition of Terms............................................................................................  12 
 Organization of the Study ...............................................................................  14 
 II. REVIEW OF RELATED LITERATURE .....................................................................  16 
 Introduction .........................................................................................................  16 
 Math Related Issues in the U.S.: Highlights ..............................................  17 
 Curriculum: Theoretical Considerations ...................................................  19 
 Curriculum Approaches ...................................................................................  23 
 Curriculum Ideas ................................................................................................  27 
 Four Theorists and Their Implications for  
 Mathematics Education ............................................................................  28 
 Piaget ...............................................................................................................  29 
 Sensory-motor Stage ..........................................................................  29 
 Preoperational Stage ..........................................................................  30 
 Concrete-Operational Stage .............................................................  30 
 Formal Operational Stage .................................................................  31 
 Bruner .............................................................................................................  31 
 Vygotsky .........................................................................................................  32 
 White ................................................................................................................  33 
 International Studies on Mathematics Achievement ...........................  36 
 Mathematics Standards and Focal Points .................................................  42 
 Geometry in the Middle Grades ....................................................................  44 
v 
 The Van Hiele’s Hierarchy ..............................................................................  47 
 Out-of-School Time Programs .......................................................................  50 
 Out-of-School Time Program Design ..........................................................  55 
 Project Based Learning .............................................................................  55 
 Research-Based Learning ........................................................................  57 
 Examples of Successful Mathematics Programs .............................  58 
 III. METHODOLOGY ............................................................................................................  62 
 Introduction .........................................................................................................  62 
 Baker and Schutz Product Development Model’s  
  Relevance for the 21st Century...............................................................  62 
 Population and Sample ....................................................................................  66 
 Steps in Developing the Instructional Product .......................................  67 
  Step 1: Formation........................................................................................  68 
  Step 2: Developing Behavioral Specifications ..................................  68 
  Step 3: Item Tryout.....................................................................................  68 
  Step 4: Initial Product Development, Group of 2 ............................  69 
  Step 5: Product Tryout, Group of 4 ......................................................  69 
  Step 6: Product Revision, Group of 8 ...................................................  70 
  Step 7: Final Trial and Analysis, Group of 25 ...................................  70 
 Modification of Affect .......................................................................................  70 
 Statistical Analysis .............................................................................................  71 
 Summary ...............................................................................................................  71 
 IV. RESULTS  .....................................................................................................................  73 
Introduction .............................................................................................................  73 
 Empirical Development of the Instructional Product ..........................  74 
  Step 1: Formulation ....................................................................................  74 
  Step 2: Developing Instructional Specifications .............................  74 
   Section One: Foundations of Geometry— 
    Six Behavioral Objectives ..........................................................  75 
   Section Two: Geometry All Around Us— 
    Five Behavioral Objectives ........................................................  75 
 Section Three: Understanding Key Principles in Geometry— 
  Five Behavioral Objectives ........................................................  76 
 Section Four: Constructing Meaning in Geometry— 
  Five Behavioral Objectives ........................................................  76 
 Section Five: Using Geometry to Solve Problems— 
  Four Behavioral Objectives .......................................................  77 
  Step 3: Item Tryout.....................................................................................  77 
   The Affective Instrument ..................................................................  80 
  Step 4: Initial Product Development, Group of 2 ............................  81 
   Modification of Affect, Group of 2 ..................................................  86 
  Step 5: Product Tryout, Group of 4 ......................................................  87 
vi 
   Modification of Affect, Group of 4 ..................................................  88 
  Step 6: Product Revision, Group of 8 ...................................................  91 
   Modification of Affect, Group of 8 ..................................................  95 
  Step 7: Final Tryout and Analysis, Group of 25 ...............................  95 
   Cognitive Behavior ..............................................................................  97 
   Modification of Affect, Group of 25, Affective Behavior ........  108 
 Summary……. .......................................................................................................  112 
 V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS ...............................  113 
 Literature Review Summary ..........................................................................  115 
 Mathematics Standards and Focal Points ..........................................  117 
 Theorists: Their Influence on Math Education ................................  118 
 Mathematics Achievement ......................................................................  119 
 Seventh- to Eighth-Grade-Level Geometry Achievement............  121 
 Curriculum Design: Relevance for the 21st Century ......................  122 
 Method ...................................................................................................................  122 
 Findings .................................................................................................................  124 
 Discussion .............................................................................................................  127 
 Recommendations .............................................................................................  131 
 Suggestions for Further Study ......................................................................  133 
Appendix 
 A. DIARY OF THE PROCESS ............................................................................................  136 
 B. ALIGNMENT OF OBJECTIVES, STANDARDS AND CONTENT .......................  146 
 C. COGNITIVE INSTRUMENT .........................................................................................  148 
 D. CRITERIA FOR COGNITIVE INSTRUMENT ..........................................................  164 
 E. INSTRUMENT FOR MODIFICATION OF AFFECT ..............................................  181 
 F. PARTICIPANT’S MANUAL ..........................................................................................  184 
 G. DEVELOPER’S MANUAL .............................................................................................  219 
REFERENCE LIST ........................................................................................................................  270 
VITA     ............................................................................................................................  289 
vii 
LIST OF TABLES 
1. Curriculum Focal Points Emphases ...........................................................................  45 
2. Table of Specifications ....................................................................................................  79 
3. Cognitive Pre/Post-Test Results of 2 Participants ..............................................  84 
4. Affective Test Scores of 2 Participants .....................................................................  86 
5. Cognitive Pre/Post-Test Scores for 4 Participants ..............................................  89 
6. Affective Test Scores of 4 Participants .....................................................................  91 
7. Cognitive Pre/Post-Test Score for 8 Participants ................................................  92 
8. Affective Test Scores of 8 Participants .....................................................................  96 
9. Cognitive Pre- and Post-Test Results of 25 Participants...................................  99 
10. Affective Test Scores of 25 Participants ..................................................................  109 
viii 
ACKNOWLEDGMENTS 
To Dr. Larry Burton, my dissertation chair and advisor, to whom I feel greatly 
indebted, I am extremely grateful. 
To Dr. Lionel Matthews and Dr. Lee Davidson, who also provided insights and 
direction in the capacity of dissertation committee members, I express much 
appreciation. 
To other resource persons such as Dr. Barbara Reid, Dr. Randy Seibold, Dr. 
Kijai, course instructor, Dr. Elvin Gabriel, Dr. Candice Hollingsead, Ginny Lonser, 
dissertation support and editor, and Members of the Andrews University Library 
staff, I am very thankful. 
To all of my colleagues who have completed or are still in the process of 
pursuing doctoral studies at Andrews University (especially Dr. Donna Brown, Dr. 
Virginia Romer, and Dr. Hyacinth Rose), I am unable to thank you enough for your 
contribution to my success. 
To members of my immediate family, close friends, relatives, and well-
wishers, I am especially grateful for your encouragement, prayers, and support 
during the years of my engagement in such a challenging undertaking. 
To Mr. Kenneth Palmer, former Superintendent of Allegheny East 
Conference, Dr. Adrian Westney, former Associate Director of Education at Columbia 
Union, and Elder James Lewis, President of Allegheny West Conference, I 
ix 
acknowledge the sacrifices made on my behalf during my tenure under your 
supervision. 
I am also grateful to other officials associated with the following local and 
regional Seventh-day Adventist conferences: Allegheny East Conference, New Jersey 
Conference, Allegheny West Conference, Lake Region Conference, Columbia Union 
Conference, and Lake Union Conference. 
And last but most important, to God, in whom alone “we live and move and 
have our being,” I am and shall be eternally grateful for another opportunity to 
prepare to serve. 
 1 
CHAPTER 1 
INTRODUCTION 
Background to the Problem 
Math application is required in almost every aspect of our existence; 
therefore mathematics is critical to our survival (Kanter, 1992; Lucas, 2005). Why? 
Experts in educational research give several reasons why children and youth need 
to have a solid foundation in mathematics. First, they recognize that the sustained, 
rapid advances in science and technology demand math application beyond the 
most basic level for successful performance in the 21st century workplace (Imel, 
1988). Universities and colleges are often unwilling to admit individuals into 
various programs without evidences of adequate linguistic proficiency and 
substantial numeracy skills. Consequently, students’ career options may be 
hindered greatly without an adequate foundation in mathematics (Earls, 2007). 
Proficiency in mathematics may also be related to individuals’ successful on-the-job 
performance (Imel, 1988). As a result, individuals’ salaries as well as their quality of 
life may be enhanced by an early successful math experience (Horn & Nunez, 2000; 
Horowitz, 2005). 
Besides, students develop confidence among the countless benefits they reap 
from reasoning mathematically (Whitenack & Yackel, 2002). They often develop or 
refine ideas as they develop and justify their thinking. In an age of rapid 
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technological and scientific advances, there seems to be an ever-increasing demand 
for more advanced math applications (Lucas, 2005). 
Despite the critical need for a more numerate workforce, current 
mathematics achievement is below standard nationally when compared with other 
developed nations (Silver, 1998). Reports on both the Second and Third 
International Mathematics and Science Study (Program for International Student 
Assessment [PISA], 2003/2006; Crosswhite, 1985; TIMSS, 1995) indicated overall 
poor performance in geometry and measurement. The difference in U.S. mean math 
performance between 2003 and 2006 (483 vs. 474) is not statistically significant 
(Baldi, Jin, Skemer, Green, Herget, & Xi, 2007). Undoubtedly, the need for individuals 
to acquire an adequate math background poses a legitimate challenge for 
curriculum specialists and educators alike (Leath, 2003; National Science 
Foundation [NSF], 2006). This explains in part the reason for the increasing number 
of recommendations for continuing research in mathematics (Richards, 2002). 
There was a specific need for a new type of geometry curriculum at the Grade 
7-8 level (Silver, 1986, 1987). The lack of progress in 7-8 level geometry for more 
than decades suggests that the need still exists for a new type of geometry 
curriculum. This need for a new approach to the study of geometry fits well within 
my research interest. Based on claims made by many researchers that the U.S. Public 
School System has failed in its attempt to address this math emergency (NSF, 2000), 
some have called for adequate supplemental educational machinery—out-of-school 
time (OST) programs that are specifically designed to reinforce in-school learning 
(American Youth Policy Forum [AYPF], 2004; Fabiano, 2004). It is hoped that OST 
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programs would help accomplish that which schools “either cannot or choose not to 
provide” (AYPF, 2004). Several OST program models exist, but policymakers fail to 
provide the support needed to ensure the effective functioning of the system (AYPF, 
2006; Driscoll, Woodruff, Christensen, & Houlihan, 2005). 
Statement of the Problem 
Like many other OST programs such as Boy Scouts, YMCA/YWCA, Boy’s 
Brigade, and American Youth Policy Forum, the Pathfinder Club seeks to identify 
and address specific needs of youth and children. Seventh-day Adventist (SDA) 
instructional programs everywhere seek to maintain their distinctiveness by 
providing a bifocal mission: the “preparation for the joy of service in this life, as well 
as the higher joy of wider service in the life to come” (White, 1952, p. 13). In order 
to achieve these noble aspirations, particular emphasis is placed on participants’ 
efforts to “develop their power to think and not be mere reflectors of other men’s 
thoughts” (White, 1903, p. 18). 
My initial inquiry revealed that the Pathfinder Club had no instructional 
product that is deliberately designed to foster cognitive development in 
mathematics. Without an appropriate and available resource, the existing need 
among club members is likely to remain unaddressed. This study is intended to 
supplement the effort of schools in attempting to provide students with an adequate 
foundation in mathematics. Therefore, whether the development of a relevant 
geometry curriculum will effectively aid children in the acquisition of useful 
understandings (that is, being able to apply theory in solving real-life problems) in 
geometry is the major concern of this research project. 
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Purpose of the Study 
The purpose of this study was to empirically develop and test an intensive, 7-
hour out-of-school time (OST) geometry curriculum. Participant’s and developer’s 
manuals were prepared using the Baker and Schutz’s (1971) Seven-Step Model. I 
also developed a 25-item criterion-referenced test and used it to measure 
participants’ mastery of geometric concepts. Mastery was set at a minimum score of 
80% on each objective by at least 80% of those participating in the program. Each 
succeeding group of participants consisted of an increasingly larger number of 
participants. The emerging curriculum was used for separate tryouts with the 
different groups of participants. Revisions were completed based on data from each 
tryout to finally result in a field-ready curriculum product. 
Rationale 
Many curriculum specialists agree that if the curriculum is to be effective, it 
must target an identified need. International comparison reports (International 
Association for the Evaluation of Educational Achievement, 1967; SIMSS, 1981; 
TIMSS, 2003) for three decades confirmed low overall mathematics achievement 
among U.S. students. This problem indicates the need for corrective measures. 
Follow-up analyses of recent International Trend reports suggest a chronic 
deficiency in geometric knowledge among U.S. students that is impeding progress in 
overall math achievement (Ginsburg, Leinwand, Anstrom, & Pollock, 2005). Clearly, 
the products that exist are not adequately meeting the needs of the developers’ 
intended audiences. 
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Hence, many educators and researchers are strong advocates for the 
development of a modified, integrated, supplemental curriculum that will support 
school efforts (Holland & Andre, 1987; Braddock et al., 1991; Nettles, 1991; Jordan 
& Nettles, 1999; AYPF, 2006). Some focus on knowledge and skills application in 
real-world settings (AYPF, 2006; Peters, 2002). However, the American Institute for 
Research report by Ginsburg et al. (2005) presents further international math 
comparison results that “call attention to the United States’ relatively poor 
performance on measurement and geometry and comparatively strong performance 
in statistics.” They suggest that middle school performance in geometry is likely to 
determine later results in this content area (p. 16). 
Theoretical Framework of the Study 
Baker and Schutz (1971) require an empirical/technical type of inquiry for 
more accurate interpretation of their behavioral, technical production model. The 
methodology employed in the development of this model is now over 35 years old. 
This model of instructional product development is being interpreted, in this 
research, in terms of the progression of four historical curriculum development 
methodologies that influenced the Baker and Schutz (1971) methodology. 
The first foundational methodology is Franklin Bobbitt’s (1918) scientific 
management theory. Principles from industrial production management were 
incorporated into educational product management. Specifically, the scientific 
management theory focused on the development of specific objectives as a basis for 
curriculum development. Seguel (1966) believes that the idea of bringing the new 
specialization of curriculum making to professional awareness was Bobbitt’s main 
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contribution. This attempt to employ scientific rigor to facilitate a more accurate 
measurement of learning brought about a revolution in the field of education. The 
Baker and Schutz (1971) model utilizes the development of specific objectives to 
guide the learning process. The model also incorporates a scientific approach by 
using a pre-instructional inventory to determine what is known about the subject. In 
addition, it highlights sensitivity to all questions raised, during a subject 
presentation, to determine learning that is formulated into learning objectives. 
The second foundational methodology is concerned with certain objective 
experiences as advocated by John Tyler (1949). This theory focuses on learning and 
the learning process. It considers a wide range of factors that affect learning. For 
example, it involved the design of the course of study, instructional materials, and 
assessment of achievement. The concept of learning as a production system and 
individual learning outcomes as the principal product of such a system, as 
advocated by Tyler (1949), was also adopted by Baker and Schutz (1971) in the 
formation of their instructional product development methodology. Specifically, the 
pre- and post-test comparison which indicates measurable learning outcome is an 
essential feature that is common to both theories. 
The Baker and Schutz (1971) methodology is concerned with formulation of 
behavioral objectives, the organized planning and delivery of need-specific 
instruction, and established procedure for assessment. These features of the model 
conform to the following four fundamental questions which focused the work of 
Tyler (1949/1986): What educational purpose should the school seek to attain? 
What educational experiences can be provided that are likely to attain these 
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purposes? How can these educational experiences be organized? And, how can we 
determine whether these purposes are being attained? 
The third foundational methodology that influenced the development of the 
Baker and Schutz (1971) model was formulated by Frederick Shaw (1966). It 
consists of features which were incorporated into the Baker and Schutz 
instructional product development model. His theory focused on the structure of 
learning through specific teaching strategies. This approach supports the Baker and 
Schutz methodology that suggests a prescription for instructional content delivery. 
Shaw’s theory was developed during the mid-1960s--a time of prevailing 
consciousness of the need for a more relevant curriculum--among educators, 
administrators, and government alike. Shaw’s theory synthesizes ideas from several 
of his contemporaries including: Ianni and Josephs (1964) who identified the 
renewed involvement of the U.S. government in the field-testing and development of 
curriculum and curriculum materials. Watson (1963) expresses concern for the 
need of a new curriculum, emphasizing students’ active involvement, the use of 
concrete objects, and practical applications. Other contemporaries of Watson 
focused on the national War on Poverty by highlighting the long-term socio-
economic crisis that is likely to be experienced by those who lack the minimum of a 
high-school education. This was confirmed by President Johnson (1964) in his 
declaration that “science and technology have moved so swiftly that advanced 
education is no longer a luxury; it is a necessity” (p. 138). Shaw (1966) was 
primarily concerned with the depressed condition of the urban youth and the 
changes in curriculum that would provide a remedy. 
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My claim that the foundational methodology of Charles Silberman (1970) 
also influenced the Baker and Schutz (1971) Instructional Product Development 
model is justifiable in terms of a prominent feature that is common to both models. 
The learner’s theory--the theoretical and practical regard for individual 
understanding and personal interests--implemented by Baker and Schutz (1971) 
constitutes the essence of the Silberman (1970) approach. His work as published in 
Crisis in the Classroom was done in response to the controversy among college 
educators regarding the criterion for measurement of success. As a journalist and 
scholar, Silberman’s critique gained the attention of individuals from a wide cross-
section of the American society, and many were forced to reevaluate the problem of 
achievement disparities in institutions of higher learning. As a result of Silberman’s 
(1970) contribution to the on-going debate, educators began to evaluate the success 
of the educational systems in terms of program impact on individuals’ achievement 
rather than group failure or success. The flexibility feature of the Baker and Schutz 
(1971) model makes provision for the situational implementation of need-specific 
instructional product. 
The Baker and Schutz (1971) curriculum development model, to a great 
extent, reflects my passion and therefore meets my expectations as a potential 
curriculum developer. This model addresses what may be considered the most 
significant perspective related to the education of learners--the type of resources 
that learners need, and what the learner can now do with these resources. 
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Overview of Method 
The Baker and Schutz (1971) Instructional Product Development Model, 
which was used in the curriculum development process for this study, prescribes 
the following seven steps to complete the development process: 
Formulation is the first step. The purpose of this initial step is to determine 
whether there is a genuine need for a new product within a clearly defined 
population. For example, following interviews with Pathfinder leaders, conference 
officials, and Pathfinder club members, I determined that the need for a geometry 
curriculum existed within a selected age group of Pathfinders before attempting to 
undertake this study. 
The second step of the Baker and Schutz (1971) Model requires the 
formulation of clearly defined performance objectives. These outcomes specify 
performance at different levels of the cognition continuum as outlined in Bloom’s 
Taxonomy. Based on specific geometric skills needed for Pathfinders to function, 
recommendations found in the literature, and guidelines from the National Council 
of Teachers of Mathematics (NCTM), 25 behavioral objectives were developed to 
guide the instructional process. These objectives were aligned with selected NCTM 
Standards and project contents (Appendix B) of the cognitive instrument, and 
criteria for the instrument, along with specific instructional strategies for seventh-
and eighth-grade-level geometry were guided by the objectives. This was followed 
by the preparation or selection of relevant instructional materials. The material is 
then organized and presented in both a developer’s and participant’s manuals. 
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The third step of the developmental process is concerned with preparation of 
the cognitive pre- and post-test with criteria for evaluation. Bloom’s Taxonomy 
provides the framework for the generation of objectives used to facilitate both 
instruction and outcomes of instruction. 
The aforementioned components constitute the curriculum at its initial stage. 
The fourth step involves experiment with a small group of two or three 
subjects from the target audience. Following administration of the pre-test, the 
curriculum is delivered with special care; then, suggestions from the subjects are 
sought during full exposure to the curriculum. These suggestions, the instructor’s 
observations, and the pre- and post-test comparison outcomes are used in the 
revision and modification of the developer’s manual in preparation for the next 
session. 
Step 5 is the second tryout. It is similar to stage 4 except that a larger group 
of four to six subjects from the target audience provide suggestions, which are used 
along with pre- and post test comparison outcomes, in the second round of revisions 
of the administrator’s manual. 
The sixth step utilizes 8 to 12 subjects who are exposed to the full 
curriculum. Mastery is set at the 80/80 level as in the previous sessions. Feedback 
from this comparatively larger group is critical to this final revision; the product is 
now sufficiently refined for use with a very large group of subjects. 
The seventh and final step follows similar procedures of earlier tryouts. 
However, there is a heavy focus on complete mastery of contents at this stage. A 
large group of at least 25 subjects engages the curriculum with the expectation of a 
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minimum score of 80% on each of the stated objectives. When 80% or more of the 
subjects demonstrate mastery of test contents, this gives the indication that the 
curriculum is empirically developed. 
The Baker and Schutz (1971) instructional product development procedure 
stipulates a repeat of all steps, in the entire process, should the stated requirement 
for mastery be still unmet after the seventh step. 
Delimitations of the Study 
1. This study was designed primarily to develop an instructional product to 
facilitate the cognitive development of seventh- and eighth-grade-level active 
Pathfinder club members.  
2. This instructional product is focused on selected geometry concepts, and 
is therefore not an exhaustive curriculum in the study of geometry. 
3. The instructional product in this study was designed for English readers 
only. Therefore, references associated with geometric understanding in other 
languages were not included. 
4. Given that some items (example, procedure used in finding volume and or 
perimeter of irregular shapes) used to both teach and assess the learners were 
identical, it is possible that post-test outcomes (for these items) have measured 
simple recall rather than conceptual understanding. 
5. The wording of the pre-test instructions may have introduced some bias 
towards improvement in the cognitive scores (emphasis on the no penalty for not 
being able to answer questions and that the purpose is to see how much help you 
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will need). It is not clear that the zeros on the pre-test reflected complete lack of 
understanding rather than a lack of interest in exerting greater effort. 
Limitations of the Study 
1. The target population for this study is specific to the Adventist Church 
Pathfinder Program and may not generalize to other OST Programs. 
2. From a purposive sampling of subjects, from five Pathfinder groups, the 
female to male participants’ ratio was 8:5. 
3. The Seventh-day Adventist organization is almost as diverse as the world. 
However, the composition of the sample frame for this study consisted mainly of 
subjects from two to three ethnic groups. 
4. Control for a multiplicity of extraneous and interacting factors was 
beyond the scope of this project. 
5. In a single paragraph, only compatible features (of 5 programs mentioned 
on pp. 55-6) were described; detailed descriptions of all aspects of each program 
were not presented. 
Definition of Terms 
The following terms are defined as used in the study: 
Seventh-day Adventists: A conservative Protestant religious group that is 
engaged in various ministries worldwide, including education, for the distinct 
purpose of preparing its members for service to humanity while preparing for the 
hereafter. 
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Behavioral objective: A statement of performance that pinpoints learning 
outcomes under specified conditions. These constructs are used to determine the 
contents of an evaluation. 
Mastery: Attaining to and maintaining the level of competence prescribed by 
the instructional program. For the purpose of my study, mastery occurs when at 
least four out of every five participants score a minimum of 80% on the post-
criterion-referenced test. 
Empirical instructional product development: A process that leads to the 
development of a product in a real-life setting but is strictly grounded in theory. For 
example, Baker and Schutz (1971) advanced a seven-step model that involves 
delivery of curriculum to increasingly larger groups of subjects for their input. 
These subject responses are then used in the repeated modification of the 
curriculum at each stage. Finally, the curriculum in its polished form is administered 
to a sufficiently large group of subjects for mastery of the contents, before the 
empirical development process is completed. The model specifies criteria for 
mastery at 80% minimum on all of the stated behavioral objectives by at least 80% 
of the participants. White (1952) supports the need to give attention to the 
individual. She also supports clarity in describing performances/tasks to be 
completed by the learner. Thus, she underscores several features of the Baker and 
Schutz (1971) model which was used to develop the instructional product herein 
identified. 
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The G.R.A.C.E. Program: A 7-hour, flexible instructional plan designed to 
promote Geometry for Real-Life Application Curriculum Experience for Grade 7-8- 
level Pathfinder participants. 
Pathfinders: A club for boys and girls between the ages of 10 and 16 operated 
by the Seventh-day Adventist Church, which directs its resources toward training of 
youth for service to humanity and devotion to God and fun fellowship with each 
other. Participants’ cognitive development is an integral component of the training. 
Out-of-school time program: Any needs-based training program that is not 
conducted within a formal school, and engages young people in meaningful training 
for personal enhancements (AYPF, 2006). 
Project-based Learning (PBL): An instructional strategy that begins with 
clearly stated outcome and project activities that are structured and engaged 
toward accomplishing those goals. 
Research-based instruction: Innovative ways of teaching that incorporate 
non-traditional approaches that have been found to be effective. 
Developmentally appropriate mathematics: Modified content in mathematics 
that is best suited for the learner in terms of his/her developmental stage rather 
than age. 
Organization of the Study 
This study is divided into five chapters. Chapter 1 provides an introductory 
overview, including the purpose and rationale for this study. Chapter 2 is the 
organization, analysis, and discussion of selected literature related to OST geometry 
curriculum development. Chapter 3 outlines the methodology used in this study; a 
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seven-step process based on Baker and Schutz (1971) provides a description of how 
the instrument is used. In addition, procedures for data collection and analysis are 
included. Chapter 4 presents results of the empirical development of the instrument 
along with pre- and post-test comparisons. Chapter 5 gives the summary, 
conclusion, implications, and recommendations for further research. The 
appendices contain the cognitive instrument, pre- and post-test, criteria for 
development of objectives, a record of the developmental process, and a developer’s 
and participant’s manuals. 
This study was guided by its purpose rather than by research questions.
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 
Introduction 
Review of the literature for this chapter was organized and focused on five 
main themes. The first provides a highlight on math-related issues in the U.S. The 
second looks at some theoretical ideas as well as core concepts advocated by 
selected learning theorists. The third details the process involved in the Baker and 
Schutz (1971) Instructional Product Development model. The fourth focuses on 
math achievement and standards; and the fifth looks on design, implementation, and 
outcomes of a typical Out-of-School Time (OST) program. The chapter concludes 
with core features of mathematics programs that have been successful. 
Basic strategies for conducting this literature review included identifying, 
accessing, organizing, filtering, and utilizing available resources. The James White 
Library at Andrews University provided ready access to a variety of rich sources of 
information. Some examples of its electronic databases include Academic Search 
File, PsycLIT, JSTOR, FirstSearch (OCLC), Dissertation Abstracts and Full Text, and E. 
G. White Resources. In addition, a wide variety of books, dissertations, and current 
journals/periodicals constitute important primary and secondary sources of 
information. The World Wide Web and Internet resources, such as ERIC DATABASE, 
along with the Google and Yahoo search engines, were found to be very useful. 
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These wide choices of search options allowed for greater flexibility. Some examples 
of search terms that were used included: math foundation for high school, junior high 
mathematics achievement, middle school mathematics achievement, or math 
achievement in the middle grades, geometry achievement, Junior high level geometry, 
developing geometry curriculum, and math/geometry standards for middle grades 
(Glatthorn & Joyner, 2005). Narrowing of the search by year was particularly helpful 
in pinpointing the most current/relevant literature for this study. 
Math-Related Issues in the U.S.: Highlights 
The cry for greater mathematics achievement among American students can 
be traced to the launch of Sputnik by the Russians in 1957 (Herrera & Owens, 2001, 
p. 2). This event signaled a new era of scientific and technological advancement that 
demanded mathematics applications beyond the most basic level (Schoen, 1993). 
The increasing complexity of daily life requires a citizenry that is scientifically 
literate, and increasing the quality of math and science is an important first step 
(Leath, 2003). Despite renewed awareness of the need for equity in math 
curriculum in K-12 education in the United States, the system fails to guarantee 
equal access to quality education for every child (Malhoit, 2005, p. 19). In fact, after 
130 years of K-12 performance history, schools are facing enormous problems 
which they cannot fix alone and that the best effort of any school is still inadequate 
(Campbell, 2006; Enderle, Liebler, Haapala, Hart, Thonakkaraparayil, Romonosky, 
Rodriquez, & Trumbower, 2004; Fullan, 1993). The most recent study of the 
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Program for International Student Assessment (PISA) has highlighted once again the 
continuing failures of American school math education (Ralston, 2005). 
As a result, several corrective measures have been attempted by the U.S. 
government over the past several years. For example, it was projected that by the 
year 2000 every child in the public school system should be performing at standard 
in reading and mathematics (Schlafty, 2000). The 2001 modification of the 
Elementary and Secondary Education Act (ESEA) into the No Child Left Behind Act 
(NCLB), by the U.S. Congress, was signed into law by George W. Bush on January 8, 
2002 (U.S Congress, 2002). The gesture was a response to two main conditions: (a) 
the chronic failure of the U.S. educational system to provide an adequate educational 
experience for every child (Ralston, 2005), and (b) poor performance among 
American students when compared with students from other developed nations 
(Silver & Kenny, 2000). The architects of this Act acknowledged that in the past a 
significant number of students have not achieved an acceptable level of competence 
in mathematics. They also challenged public schools to ensure proficiency in reading 
and mathematics for all students by 2003 and 2004 (Kim, 2006, p. 9). 
However, the 2005 National Educational Assessment Progress math results 
for eighth-graders were described as being “illusive and alarming with less than 
one-third of the students and 13 percent of low-income eighth-graders scoring at 
the proficiency level or above” (Bush, 2005, p. 1). Her analysis of national standards 
for all 50 states revealed that not much has changed for students in the 8th and 12th 
grades. Further, most states claim that large majorities of students in 4th and 8th 
grades are proficient in mathematics and reading but these claims are not reflected 
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in NEAP results (Ravitch, 2006). The learning of mathematics in the middle school is 
a critical component in the education of our nation’s youth (Mathematical Science 
Education Board [MSEB], 2002). The foundation laid during these years prepares 
students with the skills and knowledge necessary to study higher level mathematics 
during high school. On a broader note, 
Success in mathematics education matters at the level of individual citizens 
because it opens options for college and career and increases prospects for 
future income. The probability that students will enroll in 4-year college 
correlates substantially with completion of high school mathematics 
programs. (National Center for Educational Statistics [NCES], 2007, p. 17) 
Curriculum: Theoretical Considerations 
Curriculum lies at the heart of an educator’s desire to make a difference in 
human lives. To ask meaningful questions about what should be taught and learned 
invokes basic assumptions about what it means to enable the growth of human 
beings and society (Marshall et al., 2000, p. 2). In The Curriculum Reader, Flinders 
and Thornton (2004) identified a series of questions around which curriculum 
scholars have organized theory. These questions raise issues regarding values, 
purpose, and outcome of education from the collective perspective of curriculum 
scholars. 
Curriculum issues were addressed during the late 19th century and early 20th 
century by national committees which were appointed to formulate, prescribe, and 
mandate the implementation of curricula (Richards, 1892). For example, the 1893 
report of the Committee of Ten on Secondary School Studies stipulated that: All 
secondary school students were to study a common curriculum of nine subjects. 
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Detailed programs of study were developed with weekly time allotment for each 
subject. The 1918 report of the Commission on Reorganization of Secondary 
Education (appointed by the NEA in 1913) indicated that secondary education 
should be determined by the needs of the society to be served, the character of the 
individuals to be educated, and the knowledge of educational theory and practice 
available (Commission on Reorganization of Secondary Education, 1918, p. 7). 
On the contrary, Rugg (1926) indicated that every subject that is taught in 
the secondary school should be taught in the same way and to the same extent to 
each pupil so long as he pursues it, no matter what the probable destination of the 
pupil may be and at what point his education is to cease (p. 40). This contrast 
indicated the beginning of another era in which the curriculum field in America was 
now about to be fully launched by the informed works of emerging scholars 
everywhere (Pratt, 1980). 
The principle of scientific management has had its impact on curriculum 
development in the U.S. over the years. Through the work of Franklin Bobbitt 
(1918), the popular scientific-management theory was converted for the formation 
of the curriculum theory (Bailey, 1997). Specifically, the design was for the 
continuation and management of national progress in industry and technology 
(Apple & King, 1977). It was based on the proposition that 
if schools were to become as efficient as factories, waste in the curriculum 
needed to be eliminated. This process resulted in the identification of 
numerous discrete skills and other learnings, and the emergence of specific 
detailed objectives as the first and most important decision in curriculum 
development. (Apple & King, 1977, p. 2) 
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Harold Rugg, W. Charters, and their contemporaries shared the faith of 
Bobbitt; most of them emphasized the education that would enable children to 
grapple with the problems of the future in a changing society. In Bobbitt’s 
curriculum writing, he stressed the need for a common vocabulary and the 
importance of cooperation among specialists and professionals from different areas, 
including classroom teachers, materials developers, measurement experts, 
administrators, psychologists, sociologists, and subject specialists (Pratt, 1980). 
The contribution of Ralph Tyler (1949/1986) to the field of curriculum 
studies is principally known through his Basic Principles of Curriculum (1949/1986). 
“This may have had more influence on world-wide curriculum design and practice 
than any other” (Cordero & Garcia Garduno, 2004, p. 3). It is impossible to ignore 
the fact that Tyler was influenced by his contemporaries who focused on curriculum 
behaviorism: Franklin Bobbitt and Werrett W. Charters, both of whom were Tyler’s 
teachers at the University of Chicago (Garcia Garduno, 1995). In fact, even though 
Tyler was undoubtedly a behaviorist, his Theory was formulated as a result of his 
attempt at synthesizing the works of theorists from a variety of philosophical camps. 
For example, Tyler’s work included an evaluation of the effect of Dewey’s 
progressive education on university students by comparison with traditional 
education (Ridings, 1981). Following are four fundamental questions asked by 
Tyler: 
1. What educational purposes should the school seek to attain? 
2. What experiences can be provided that is likely to attain these purposes? 
3. How can these educational experiences be effectively organized? 
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4. How can we determine whether these purposes are being attained? 
These questions, according to Tyler, “must be answered in developing any 
curriculum and plan of instruction” (Tyler, 1949/1986, p. 1). Essentially, these 
questions brought into focus the major curricular issues with which Tyler was most 
concerned. 
Several later theorists have attempted to make improvements in clarity and 
design of specialized instructional products. These include Taber (1962), Popham 
and Baker (1970), Baker and Schutz (1971), and Gagne and Briggs (1974). More 
recently, Naden (1992), Gregor (1996), Selmanovic (1996), and Bailey (1997) have 
utilized the Baker and Schutz model to develop curriculum products for specific 
content and context. 
Curriculum theory research has developed a new understanding of culture, 
gender, and class bias that has led to various attempts to construct a curriculum that 
is more sensitive to cultural, gender, and language differences among students 
(Sergiovanni & Starratt, 1998). Culturally pluralistic curricula are viewed by many 
educators as strategies for improving academic programs and enhancing self-
esteem among students whose racial, ethnic, or language heritage differs from that 
of the Anglo-European population (Association for the Advancement of Health 
Education, 1994; McCarthy, 1994). A corollary to this perspective is the belief that 
an inclusive curriculum can help promote intergroup harmony and reduce conflict 
between ethnic groups (Heller & Hawkins, 1994).  
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Curriculum Approaches 
Conceptualizations of the curriculum fall within two broad categories. First, 
the curriculum should be treated as a body of content with emphasis on what should 
be taught. Products or certain achievement levels are the outcomes (Baker & Schutz, 
1971). The second idea is to regard curriculum as a process that focuses on the 
learner and the needs of the learner. Clearly, the organizational framework for 
curriculum is preceded by its conceptualization. Below are five variations of the 
subject-centered curriculum presented in the literature. These are primarily 
concerned with the curriculum as planned. 
1. Subject-area curriculum design has its roots in the seven liberal arts of 
Greece and Rome (Tanner & Tanner, 1990). Some believed that the modern history 
of the curriculum design started in the St. Louis school system in the 1870s under 
William Harris. This design has dominated the U.S. curriculum from that time to the 
present. In this design curriculum is treated as subject matter that is a specialized 
and largely autonomous body of knowledge. 
2. One of two conservative philosophies of education specifies what the 
curriculum should look like. Perennialism holds that curriculum should consist of 
the three R’s, Latin, and logics at the elementary level, with the classics added at the 
secondary level. Hutchins (1936) believes that the classics (or what he terms 
“Permanent studies”) are enduring and are therefore equally valid for the present. 
3. The second conservative philosophy specifies a similar approach to 
curriculum design, in terms of its resilience. It focuses on the following subject 
areas: English, math, the sciences, history, and foreign languages (Bestor, 1956). It is 
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suggested that delivery of these subject matters is the most effective way to develop 
a system that will keep up with the explosion of knowledge. 
4. During the 1950s and 1960s, the federal government funded several 
projects designed to improve English and math curriculum. This resulted in new 
curricula organized around the structure of each distinct subject or discipline. 
Structure implies unifying concepts, rules, and principles that define how one thinks 
about the subject or area of inquiry (Anderson, 2004). Individuals who follow this 
model regard curriculum as a process of continuing inquiry within the boundaries of 
a subject rather than being fixed or permanent (Phenix, 1962). The essential 
difference between this design and that of the earliest subject-centered design is the 
method of inquiry which clearly indicated a shift from a rigid to a more dynamic 
approach. 
5. The back-to-basics movement produces a core subject curriculum design. 
It is another subject-centered approach that places emphasis on solid subjects—
English, history, science, and math. Music and art may also be allowed as 
supplements but are not considered basic (Jarrett, 1977). It arose out of the general 
laxness of the 60s and 70s which resulted in a general decline in achievement test 
scores. 
The process-driven conceptualization of curriculum has been the focus of 
interactionists such as Dewey, Borton, Montessori, and Vygotsky. These theorists 
are concerned primarily with learning as a function of the many self-directed 
activities engaged in by learners as they interact within the learning environment. 
These five conceptualizations are as follows: 
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1. The Student-Centered Approach: The student-centered approach to 
curriculum design arises out of the philosophy of Jean Jacques Rousseau, who 
believed that a child should be allowed to develop and create freely without adult 
impositions in the form of structured curriculum. In the United States John Dewey 
advocated a version of a child-centered curriculum experience that sought to 
balance subject matter with the needs and interests of students. Some variations of 
the student-centered curricula include: 
2. The Child-Centered Approach: Child-centered schools were a reaction to 
the traditional subject-matter-dominated curriculum and trace their beginnings to 
Rosseau’s publication of Emile in 1762. Other theorists followed and built upon his 
ideas. Pestalozzi in Switzerland and Frobel in Germany introduced child-centered 
practices in schools during the 19th century. Early in the 20th century Maria 
Montessori developed a series of learning activities that incorporated play and work 
with young children. Progressive educators in the United States used Dewey’s ideas 
to develop what he called organic schools (1915) organized around student 
interests and needs. Dewey advocated a somewhat radical approach to learning. He 
was among the first theorists to demonstrate that children learn effectively when 
they are allowed to construct meaning during informal play. 
3. The Activity-Centered Approach: The activity-centered curriculum was 
advocated by William Kirkpatrick, a student of Dewey. The model tied purposeful 
activities to a child’s interests and needs. His project method (1918) was further 
developed by Elisworth Collings (1923), one of Kirkpatrick’s students. He based his 
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curriculum on various real-life experiences. Field trips, dramatization, interest 
centers, and other activity-based curriculum came out of this. 
4. The Humanist Approach: The humanistic point of view was another 
major philosophy concerning education. The rise of humanistic education during the 
1960s and 70s was in part a reaction to the emphasis on cognitive learning of the 
50s and 60s. Terry Borton (1970) believed that curriculum ought to be related to 
the personal growth of values, feelings, and a happy life. He believed that a student’s 
social and personal needs should be taken in consideration in designing curriculum. 
Carl Rogers and Abraham Maslow are also among modern humanistic theorists who 
have emphasized process and development of self. 
5. The Constructivist Approach: The constructivist approach to curriculum 
development is based on the assumption that learning is an active process that 
requires a change in the learner (Vygotsky, 1987). Therefore, as people solve 
problems and discover the consequences of their actions--through reflecting on past 
and immediate experiences--they construct their own understanding (Vygotsky, 
1987). Vygotsky believed that the child gradually internalizes external and social 
activities, including communication, with more competent others. On the other 
hand, Dewey argues that cognitive conflict or puzzlement is the stimulus for 
learning, and that it determines the organization and nature of what is being 
learned. In his experiments, Vygotsky studied the difference between the child's 
reasoning when working independently versus reasoning when working with a 
more competent person. Vygotsky's findings suggested that learning environments 
should involve guided interactions that permit children to reflect on inconsistency 
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and to change their conceptions through communication. Vygotsky’s and Piaget's 
theories are often contrasted to each other in terms of individual cognitive 
constructivism (Piaget) and social constructivism (Vygotsky). Some researchers 
have tried to develop a synthesis of these approaches, and some, such as Michael 
Cole and James Wertsch, argue that the individual versus social orientation debate is 
over-emphasized. 
Curriculum Ideas 
Curriculum ideas were also advanced by critics over the years. For example, 
the relevant curriculum has been a recent development. It seems axiomatic that 
curriculum should reflect social change. A classic work done in satiric style 
regarding this idea is the Saber-Toothed Curriculum (Benjamin, 1939). The idea is 
that curriculum must change. The emphasis today within this movement is to tie 
curriculum to the needs of students and their real-life experiences. On a similar 
note, one of the first educators to describe the hidden curriculum was Wayne 
Gordon (1957). He believed that the value of the student peer group was ignored 
when formal curriculum was designed. He also believed that students’ behavior and 
achievement were affected by their status and roles in schools and that these roles 
often conflict with the formal school curricula. The need was to develop a 
curriculum that emphasized personal freedom and cooperative group learning. 
Anderson (2004) concluded that the two methods of organizing curriculum 
(subject-centered and student-centered) represent the “ends of a continuum.” 
Further, she observed that “most curricula today seek a balance between these two 
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extremes” (p. 7). However, what has been omitted from the discussion is the theistic 
view—a view that emerges from the basic assumption of God as creator/redeemer 
of humankind. Seventh-day Adventists use such a theistic approach which places 
emphasis on students’ balanced, holistic development. By way of scriptural 
authority and the works of White (1952), a curriculum model aligned to theistic 
assumptions was established with particular emphasis on (a) the inestimable 
value/worth of the learner (who should be taught?), (b) the essential curriculum 
content (what should be taught?), (c) the effective methods for instructional delivery 
(how should it be taught?), and (d) an atmosphere of love and affirmation (where 
should it be taught?). 
Four Theorists and Their Implications 
on Mathematics Education 
Since the acquisition of mathematical skills/competencies is a cognitive 
process, principles from the works of reputable theorists have been analyzed, 
summarized, and used as a guide to curricular content planning, structure, and 
delivery. Notwithstanding, I recognize that though helpful, the combined effort of 
these theorists is still inadequate for the purpose of this study as they do not 
consider implications of concern for theistic educators. The intent is to assume a 
more inclusive stance so that the voices of theorists from other perspectives may 
also be given some attention. Therefore, its theoretical framework consists of a 
combination of major elements from these with special emphasis on E.G. White’s 
perspective on curriculum development. 
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Piaget 
Swiss scholar Jean Piaget (1896-1980) began to study intellectual 
development during the 1920s. His research integrated two fields—biology and 
epistemology—in his structural-functional approach to children’s cognitive 
development. His notion that a baby’s thoughts and learning were radically different 
from those of adults was revolutionary (Ginsburgh & Opper, 1988). It is believed 
among reputable scholars that Piaget’s work is still the most detailed and systematic 
statement on human intellectual growth available today (Beilin & Pufall, 1992; 
Seigler, 1991; Sutherland, 1992). Piaget viewed children as curious, active explorers 
who, in response to their environment, create understandings or construct their 
own meanings (Piaget, 1950). Stages of Piaget’s cognitive developmental sequence 
are summarized below. 
Sensory-motor Stage 
This is the initial cognitive developmental stage from 0-2 years. Behavioral 
schemata evolving from the child’s coordination of sensory input and motor 
responses are the dominant cognitive structures of this stage. Piaget identified six 
sub-stages in the child’s gradual transitioning from a reflexive to a reflective 
organism. It is during this process that the child develops the ability to distinguish 
self from environment and learns about properties of various objects and their 
relationship to each other. 
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Preoperational Stage 
This period focuses on limitations and deficiencies of children’s thought 
processes. It is divided into two stages: the preconceptual period (2-4 years) and the 
intuitive period (4-7 years). The preconceptual period is characterized by symbolic 
representations. The child develops a schema for comparing missing objects even 
though it becomes difficult to distinguish between the real and the imaginary. Piaget 
claimed that young children often fail to make accurate judgments about people’s 
motives, desires, and intentions because they tend to rely on their own perceptions. 
The child during the intuitive period is less egocentric in his/her thinking than the 
preconceptual child and is more proficient in classifying objects. However, he or she 
still tends to focus on the appearance of an object rather than its detailed, logical 
description. 
Concrete-Operational Stage 
The centered thinking of the preoperational stage (7-11 years) has been 
replaced by more sophisticated thought processes. Piaget maintained that a 
concrete-operational child is capable of producing cognitive maps and constructing 
accurate mental representations of a complex series of actions and that those 
operational abilities evolve gradually and sequentially. He further noted that a 
concrete operational child finds it impossible to think about abstractions that 
violate his/her conceptions of reality. 
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Formal Operational Stage 
During the formal operational period (11 years and older), children have 
entered a developmental stage in which they are able to perform mental operations 
on ideas and propositions. Their approach to problem solving becomes increasingly 
systematic and abstract and resembles the hypothetical deductive reasoning of a 
scientist. For example, unlike the concrete-operational child, who uses a trial-and-
error approach to solve problems and is inclined to accept the first solution, the 
formal operational child uses a systematic approach to finding multiple solutions to 
problems. 
Bruner 
Jerome Bruner, like Jean Piaget, demonstrated how thought processes could 
be subdivided into three distinct modes of reasoning. While Piaget related each 
mode to a specific period of childhood development, Bruner saw each mode as 
dominant during each developmental phase but present and accessible throughout. 
Bruner’s mode of human development as a combination of enactive skills 
(manipulating objects, spatial awareness), iconic skills (visual recognition, ability to 
compare and contrast), and symbolic skills (abstract reasoning) has influenced 
psychological and educational thought over the past 50 years (Hollyman, 2007). 
At a time when psychological thought was dominated by behaviorism, 
Bruner was able to apply a similar scientific rigor to unobserved mental processes, 
as was done to observable, measurable responses by behaviorists. Bruner was 
instrumental in the move from behaviorism to cognitivism in the 1950s and 1960s 
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mainstream psychology. An important work in the early days of the cognitive 
movement was a study in thinking that Bruner published in 1956 with Jacqueline 
Goodnow and George Austin, and where they defined cognitive process as “the 
means whereby organisms achieve, retain and transform information” (Bruner, 
Goodnow, & Austin, 1956, p. 314). 
Bruner believed that information or knowledge is most effectively gained by 
personal discovery. As a result, he proposed that developmental growth involves 
mastering each of the increasingly more complex modes—enactive, to iconic, to 
symbolic. He implied that children should be provided with study materials, 
activities, and tools that match to and capitalize on their developing cognitive 
capabilities. For example, a teacher wanting to help children learn about dinosaurs 
could use all three modes. Students could be asked to construct models of dinosaurs 
(enactive), they might watch a film about or involving dinosaurs (iconic), or they 
could consult reference texts and then discuss their findings (symbolic). 
Bruner suggested that a person’s memory is best facilitated with a view 
toward meaning and signification and not toward the presentation of facts by 
someone else. The view of knowledge and memory as a constructed entity is 
consistent with constructivism, with which Bruner is also closely associated. 
Vygotsky 
Vygotsky’s (1978) constructivist framework can be a key to the teaching and 
learning of mathematics (Kim, 2006). A fundamental principle of this theory holds 
that students need to understand certain basic concepts before proceeding to new 
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and more advanced ones. This is especially important since the learning of 
mathematics progresses in stages. In other words, acquisition of higher-level math 
skills requires mastery of prerequisite skills. This learning theory seems to 
reasonably describe what fails to happen for the vast majority of middle-school 
students who struggle with mathematics. If previously learned concepts were not 
properly mastered, then the resources needed to pursue further learning in the 
subject area are lacking. Vygotsky’s constructivism is also supported by Bruner’s 
(1960) inquiry process, which connects newly acquired knowledge to previously 
gained knowledge and Piaget’s (1970) process of cognitive interpretation, 
reevaluation, and connectional reorganization. It also seems safe to assume that 
Dewey’s (1997) guidelines for problem-based instruction, in which children are 
allowed to learn by actively interacting with their environment, form the basis of 
later constructivist models. 
Novak’s (1986) definition of constructivism seems consistent with Bruner’s 
and Vygotsky’s ideas of what constitutes wholesome learning. In their attempt to 
explain how learners gain new knowledge, Eggen and Kauchak (2001) describe 
constructivism as “views of learning in which learners use their own experiences to 
create understanding of knowledge that makes sense to them rather than having 
understanding delivered to them” (p. 246). 
White 
Ellen White brings to the discourse a new dimension of thinking and practice 
based on the authority of the Bible and the inspiration of the Holy Spirit. It was 
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during the early 1870s that Ellen White joined the American educational reform 
movement and began the process that would later establish the Seventh-day 
Adventist Christian Education model (Schwarz, 1979). Unlike most respected 
theorists, Ellen White could claim no reasonable pedagogical basis for her insights 
that have impacted educational thought, primarily in the schools operated by the 
Seventh-day Adventist church, for well over a century. However, her works provide 
evidences of the legitimacy of her dual claim: the authority of the Holy Scriptures 
(White, 1911, p. vii), and the inspiration of the Holy Spirit (White, 1882, p. 13). Ellen 
White addressed curriculum issues from a purely theistic perspective. Her eclectic 
approach underscores essential curricula features of other reputable curriculum 
theorists. For example, Tyler’s (1949/1986) and Taba’s (1962) definitions of 
curriculum resonate with Ellen White’s instruction that “Before attempting to teach 
a subject, he [the teacher] should have a direct plan in mind and should know just 
what he desires to accomplish” (White, 1903, p. 233). 
Also, Bobbitt (1918) defines curriculum as an experience designed to foster 
disciplined thinking. This underscored White’s (1903) idea of curriculum function 
as it relates to students’ cognitive development. She believed that educational 
experiences should be designed to develop the learner’s power to think rather than 
to be “mere reflectors of other men’s thought” (White, 1903, p. 18). Ellen White saw 
the learner (who should be taught?) as having inestimable worth endowed by the 
Creator in whose image he/she was created, and regarded the curriculum (what 
should be taught?) as the acquisition of relevant knowledge that prepares the 
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learner for “the joy of service in this life and the higher joy of wider service in the 
life to come” (White, 1903, p. 13). 
Ellen White’s instructions regarding procedure for curriculum delivery (how 
should it be taught?) call for modeling of the Master Teacher by highlighting the 
necessity for Christian teachers to emulate specific personal characteristics of Jesus’ 
teaching. For example, she observed that “In all true teaching the personal element 
is essential. Christ in his teaching dealt with men individually” (White, 1952, p. 231). 
In addition, she recommended that the teacher should constantly aim at simplicity 
and effectiveness, teach largely by illustration, and be careful to make every 
instruction plain and clear (White, 1903, p. 233). 
Ellen White advocated a holistic approach to curriculum, which would enable 
delivery of “true education” which promotes “the harmonious development of the 
mental, physical and spiritual powers” (White, 1903, p. 7). She advocated that the 
body, mind, and soul are inseparable. As a result, her recommended strategy for 
mental/intellectual vigor includes systematic study of God’s word (White, 1930, p. 
254), preservation of physical health through exercise (White, 1977, vol. 2, p. 406), 
and exercise of the mental capabilities through practical applications in various 
trades and/or occupations with one’s future career in mind (White, 1985, p. 148). 
From the same worldview, Habenicht and Burton (2004) capture what could be 
regarded as Ellen White’s passion for instruction in all subject areas. They believe 
that if we are serious about helping children become thinkers, rather than mere 
imitators of the thoughts of others, we must promote learning beyond the lower 
levels of understanding. For example, being able to recall facts is simply inadequate. 
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Therefore, we must encourage cognitive exercises which allow children to come up 
with original ideas, designs, and interpretations. Consequently, we need to teach 
them how to think at higher levels (p. 190), such as those described in Bloom’s 
taxonomy. 
International Studies on Mathematics Achievement 
Today’s global economy is driven by scientific and technological processes 
which require advanced math applications (Quesinberry, 2002). The need for all 
students to acquire math competence is strongly emphasized among researchers 
and educators alike. They believe that this knowledge is necessary for survival in a 
complex world. Van Hiele (1986) suggested that a good foundation in geometry will 
have a positive impact on overall math achievement. As a result he recommended 
systematic geometry instruction for students, even before the transitional period is 
reached. Therefore, more and more researchers are directing their energies toward 
better understanding of the math phenomenon that has long-term, positive 
implications for 21st-century survival (Lappan, 2000). Indications are that K-12 
education has taken on a more definitive role, especially since the past decade or so. 
Gateway curricula such as math and science must be developed in order to meet 
new demand for higher competence in math. Earls (2007) identified gateway 
courses as those that are important predictors of success in college, careers, and 
citizenship. The necessity for higher math achievement has been identified as (a) a 
requirement for entrance into university, and (b) a requirement for on-the-job 
performance (Sergiovanni & Starratt, 1998). 
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Future economic implications of adequate math achievement, at the high- 
school level, are highlighted by Rose and Betts (2004). They recognize that there is a 
fundamental link between earlier preparation in mathematics and future levels of 
success, both in academics and economics (Rose & Betts, 2001). Although they did 
not explicitly mention junior-high-level preparation, the levels of competence 
leading to college graduation and higher earnings inevitably begin at the foundation 
level for high-school success--the elementary grades. Lappan (1998) and Ma and Xu 
(2004) focus their research on the fundamental question regarding what constitutes 
adequacy of math achievement among K-12 students, and what developmental stage 
constitutes the most “teachable moment” for satisfactory progress. 
Major studies related to math achievement at the seventh- and eighth-grade 
level were conducted by the International Association for the Evaluation of 
Educational Achievement (IEA). As part of the reform in mathematics education, the 
first International Mathematics Study was conducted during 1963-1967. Eleven 
countries participated, based on consensus reached regarding what essential new 
materials should be included in the curriculum. The target population was mainly 
13-year-old students, 13-year-old grade level students, and pre-university students. 
The project focused on curriculum organization and methods of teaching. 
Mathematics teaching and learning were also examined in terms of societal, 
scientific, and technological changes. Several follow-up studies also focused on 
junior high-school-level mathematics and science achievement. Findings of the 
study reported by Husen (1967) and Postlethwaite (1967) included the following: 
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1. Students who had taken courses in “New Mathematics” achieved higher 
scores than other students on items in traditional mathematics. 
2. At the lower secondary school level in most countries, achievement in 
mathematics was positively correlated with students’ view that that mathematics 
learning is an open and inquiry-centered process. 
3. At all levels of schooling students’ expressed interest in mathematics was 
positively correlated with achievement; gender difference in interest in 
mathematics was found only in co-educational schools in favor of boys. 
4. Only in two countries, Japan and the United States, was there evidence of 
differences in mathematics achievement between urban and rural communities. 
5. On average, parents of students at the pre-university level had 1.7 more 
years of formal schooling. The difference varied from 0.5 years in the United States 
to 3.6 years in the Federal Republic of Germany. 
The Second International Mathematics Study (SIMS) was conducted in 1981 
(Crosswhite, 1985). Target population for SIMS consisted of students who were 
enrolled in the 8th and 12th grades. The purpose was to provide detailed information 
from participatory countries regarding content of the mathematics curriculum, how 
mathematics is taught, and how much students learn. For policymakers and 
educators to analyze progress in mathematics, determine strength and weaknesses, 
and make plans for the future, results from this and other studies are extremely 
important. 
These findings were to be further investigated by another series of wide-
scale investigations. Trends in International Mathematics and Science Study 
 39 
 
(TIMSS) provide reliable and timely data on the mathematics and science 
achievement of U.S. students compared to that of students in other countries. TIMSS 
data have been collected in 1995, 1999, 2003, and 2007. 
The Third International Mathematics and Science Studies (TIMSS) were done 
in 1995. The study assessed the mathematics and science performance of U.S. 
students in comparison to their peers in other nations at 4th-, 8th-, and 12th -grade 
levels. Fourth-graders performed well in both mathematics and science in 
comparison to students in other nations. U.S. 8th-grade students performed near the 
international average in both mathematics and science, and U.S. 12th-graders 
scored below the international average and among the lowest of the TIMSS nations 
in mathematics and science general knowledge, as well as in physics and advanced 
mathematics. 
Silver (1998) suggested that TIMSS was a particularly rich data source about 
middle grades’ math achievement and curriculum. He also reminded us that those 
results from these major studies of international comparison confirm critically poor 
performance in geometry and measurement. Further, he directed the following 
appeal to stakeholders: 
Teachers, principals, parents, policy makers, and others wishing to improve 
math education in the middle grades can learn much from TIMSS by: 
reviewing some major TIMSS findings related to grades 7 and 8; considering 
these findings in light of other relevant research on mathematics curriculum 
content, classroom instruction, and student achievement; and then 
pondering the lessons from TIMSS and related research about what must be 
done to ensure that U.S. students have access to better mathematics 
education that will prepare them for the challenges of tomorrow. (p. 1) 
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TIMSS also assessed the mathematics and science performance of U.S. 
students in comparison to their peers in other nations at Grade 8 in 1999. TIMSS 
collected information on schools, curricula, instruction, lessons, and the lives of 
teachers and students to understand the educational context in which mathematics 
and science learning takes place. Thirty-eight nations chose to compare the 
mathematics and science performance of their students in 1999. TIMSS–R allows 
the United States to compare the achievement of its eighth-grade participants in the 
original TIMSS to the achievement of its eighth-graders 4 years later. It also 
provides an opportunity to compare the relative performance of U.S. fourth-graders 
in 1995 to the relative performance of U.S. eighth-graders 4 years later in 1999. 
The Trends in International Mathematics and Science Study (TIMSS, 2003) is 
the third comparison of mathematics and science achievement carried out since 
1995 by the International Association for the Evaluation of Educational 
Achievement (IEA), an international organization of national research institutions 
and governmental research agencies. In 2003, some 46 countries participated in 
TIMSS, at either the fourth- or eighth-grade level, or both. Some of the TIMSS results 
for the United States mirror similar findings in the 2003 NAEP mathematics 
assessment (Braswell, Daane, & Grigg, 2003). For example, as in TIMSS eighth grade, 
the national mathematics average of eighth-graders in NAEP increased from 1996. 
However, some of the TIMSS results, particularly at fourth grade, do not mirror the 
findings in NAEP. Both TIMSS and NAEP are curriculum-based studies. 
PISA is concerned mostly with the international assessment of the reading, 
mathematics, and science literacy skills and abilities of 15-year-olds in the 30-
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member countries of the Organization for Economic Cooperation and Development 
(OECD). PISA 2003 results indicate U.S. 15-year-olds performed relatively poorly in 
mathematical literacy when compared to their peers in other OECD-member nations 
(Lemke et al., 2005). In 2003, 15-year-olds in the United States scored below the 
international average in mathematical literacy and below their peers in 20 of the 28 
other OECD-member countries. Comparisons of the mathematics and science 
achievement of eighth-graders between 1995 and 2003 are made for the 35 
countries that collected data in 2003 and at least one prior year, either 1995 or 
1999. 
U.S. eighth-graders improved their average mathematics and science 
performances in 2003 compared to 1995. Moreover, the data suggest that the 
performance of U.S. eighth-graders in both mathematics and science was 
higher in 2003 than it was in 1995, relative to the 21 other countries that 
participated in the studies. U.S. eighth-grade boys and girls, and U.S. eighth-
grade Blacks and Hispanics improved their mathematics and science 
performances from 1995. As a result, the gap in achievement between White 
and Black eighth-graders narrowed in both mathematics and science over 
this time period. (TIMSS, 2003, p. 12) 
In mathematics at the upper grades, PISA 2006 shows that statistically there 
is no change in the scores of U.S. 15-year-olds since 2003. On PISA 2006, the U.S. 
score for mathematics literacy is below the average for all OECD countries. 
The most recent in the series of international comparison reports is TIMSS 
2007. Content and cognitive domains are the foundation of the TIMSS 2007 fourth- 
and eighth-grade assessments. The mathematics assessment framework for TIMSS 
2007 is organized around subject matter to be assessed within mathematics (for 
example, number, algebra, geometry, and data and chance at the eighth grade) and a 
thinking process to be assessed (that is, knowing, applying, and reasoning). The 
 42 
 
cognitive domains describe the sets of behaviors expected of students as they 
engage with the mathematics content. 
Mathematics Standards and Focal Points 
The effort made by educators, researchers, and government and private 
agencies to improve mathematics achievement in the U.S. has been on-going. As the 
demand for a more advanced mathematics curriculum arises, deliberate actions to 
meet this demand follow. A brief account of events that led to the development and 
implementation of curriculum Standards and Focal Points follow. 
The National Council of Teachers of Mathematics (NCTM) developed and 
published Curriculum and Evaluation Standards for School Mathematics, their first 
set of guidelines for instruction and assessment of K-12 curricula, in 1989 (NCTM, 
1989). The standards were developed primarily in response to the equity crisis that 
led to the signing into law of the No Child Left Behind Act. The mathematics reform 
movement began when NCTM solicited input from professional math organizations 
including: American Mathematical Society (AMS), American Statistical Association 
(ASA), Association for Computing Machinery (ACM), Mathematical Association of 
America (MAA), and Society for Industrial and Applied Mathematics (SIAM). Their 
responses brought into existence the Associates Resource Group, which provided 
needed support to the NCTM writing group. This initiative facilitated revision of the 
original standards and the publication of Standards 2000 (Howe, 1998). Expected 
performances in mathematics were presented in the form of standards and 
benchmarks that specify the acquisition of mathematics knowledge beyond mere 
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surface understanding. According to Suydan (1990) there are 13 standards for 
Grades 5-8 mathematics content; 7 standards pertain to general assessment; 7 
standards concern student assessment, and 4 standards are used for program 
evaluation. The standards place considerable emphasis on problem solving, use of 
manipulatives, spatial visualization, and real-life application of math principles, 
instead of computational algorithms, paper-and-pencil drills, and manipulation of 
expressions which previously dominated the math curriculum (Pascopella, 2007). 
President Bush created the National Mathematics Advisory Panel in April 
2006 to advise himself and the U.S. Secretary of Education on the best use of 
scientifically backed research to the teaching and learning of mathematics. In 
response to this demand, the NCTM released its Curriculum Focal Points (for pre-
kindergarten to 8th grade) which was developed to supplement Standards 1989 and 
2000. In addressing questions regarding these new curriculum constructs, the 
NCTM president, Skip Fennell, indicated that mathematics educators have been 
engaged in varying levels of reform ever since Sputnik. He also indicated that the 
Council’s Curriculum Focal Points is another example of reform (Fennell, 2007). 
Focal points give descriptions of concepts that the authors regard as essential. The 
intent is to facilitate students’ mastery of content by objectives while covering fewer 
topics in greater depth. A noteworthy feature of curriculum focal points is the 
potential to ease learning difficulties for students who struggle with important math 
content by helping them develop key problem-solving, reasoning, and critical-
thinking skills. Focal points assume that mathematics is cumulative; therefore, skills 
learned in later grades depend on what students have learned in earlier grades. 
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The three curriculum focal points may be investigated in terms of a connection to 
geometry at the seventh- and eighth-grade levels. These are listed in the form of 
recommended content emphases as shown in Table 1. Problem solving, reasoning, 
communication, making connections, and designing and analyzing representations 
are skills that have been specified for each academic level from kindergarten to the 
eighth grade. The mode of enquiry recommended by reformers of the NCTM 
Standards is consistent with the Vygotsky (1978) principle which is based on the 
assumption that learning is cumulative. Skills learned during the earlier elementary 
grades are built upon during the middle- and high-school years. These same skills 
are perfected and utilized throughout life as individuals engage in career pursuits or 
profitable pastime activities. Hence, there is need for students to acquire foundation 
skills in preparation for the pursuit of more advanced levels of learning. Vygotsky’s 
approach to learning may best be facilitated by the teaching of geometry, since 
geometry applications often require active student involvement, the use of concrete 
objects, and reference to real-world objects that are visibly displayed. Consequently, 
learners develop useful skills that they will find helpful as they advance up the 
academic ladder or engage in regular everyday activities at home or in the 
community. 
Geometry in the Middle Grades 
Studies show that students who take gateway courses such as algebra and geometry 
are more than twice as likely to advance to higher education as those who do not 
(NCTM, 1989). Curriculum and Evaluation Standards for School Mathematics 
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Table 1 
Curriculum Focal Points Emphases 
_________________________________________________________________________________________________ 
Grade 7 Curriculum Focal Points Grade 8 Curriculum Focal Points 
_______________________________________________________________________________________________ 
Number and operation and algebra  
  and geometry Algebra 
Measurement and geometry and algebra Geometry and measurement 
Number and operations and algebra Number and operation 
_________________________________________________________________________________________________ 
 
emphasizes problem solving for all levels of mathematics instruction. Grades 5-8 
geometry and measurement have been earmarked to be given much attention 
whereas formulas and memorization of facts received less attention (pp. 70-73). 
NCTM Standard 13 emphasizes the choice of appropriate units and use of 
measurement tools, as well as the development of student understanding of the 
concepts of area and volume. During the junior-high-school years, students continue 
to benefit from concrete objects to aid in their learning when new or highly abstract 
concepts are about to be learned. 
Among low income students who take algebra and geometry, 71% pursue 
higher education compared to 27% of those who do not take such challenging 
courses (US Department of Education, 1997). In fact, junior-high students should 
have considerable experiences in making data tables, graphs, and geometric 
sketches and using them along with symbols and clear English to describe a wide 
variety of patterns and relationships (American Association for the Advancement of 
Science [AAAS], 1993). 
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Boudreau (1999) attempted to reverse geometry deficiencies in a group of 
eighth-grade algebra students. The curriculum was supplemented with geometry 
content in order to increase competency in geometry skill while maintaining algebra 
competency. Geometry concepts were presented to students through exploration, 
discussion, and integration. It was found that the measurable difference between 
control and experimental groups was insignificant. However, when the 
experimental group matched pairs were tested, there was significant growth. 
During an action research project with pre-service teachers, Burton (2003) 
highlighted the importance of manipulative/geometric models in the teaching and 
learning of math concepts. He asserted that the appropriate selection and use of 
manipulatives may be the key to bridging the gap between “meaningless vocabulary 
and rules to remember,” and what he terms “a readily accessible component of a 
conceptual understanding of mathematics” (p. 19). 
According to the NCTM (1992) Math Framework for California Public Schools, 
Grades 5-8 curriculum should include the study of geometry. Students need to be 
able to identify, describe, compare, and classify one-, two-, and three-dimensional 
geometric figures in a variety of spatial senses, solve problems using geometric 
models, and be able to understand and apply geometric properties and 
relationships. Standard 12 outlines what students need to know and be able to do in 
geometry, and offers a math benchmark from which to examine curriculum for 
middle-school students’ educational ventures. Curriculum development and 
instruction must consider the geometric hierarchy of learning. Although learning 
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can occur at several levels simultaneously, the learning of more complex concepts 
and strategies requires a firm foundation of basic skills (NCTM, 1997). 
Grades 5-8 geometry should link the informal explorations that were begun 
in kindergarten to fourth grade. This continuity is vital to the acquisition of higher-
level mathematics skills. Evidences suggest that the development of geometric ideas 
progresses through a hierarchy of levels (Van Hiele, 1986). Geometry uniquely 
enables ideas from other areas of math to be visualized. For example, the use of 
models and a host of real-world applications helps students to construct meaning. 
This is particularly helpful to kinesthetic learners who learn best through hands-on 
activities. Students also need geometry to make sense of statistics, linear algebra, 
functions and calculus, and graph theory. In other words, geometry enables students 
to utilize the practical applications of mathematics in fostering their understanding. 
Geometry uniquely connects math with the real physical world and provides an 
example of a mathematical system (Usiskin, 1995). 
The Van Hiele’s Hierarchy 
In his second edition of Elementary and Middle School Mathematics: Teaching 
Developmentally, John A. Van de Walle (2004) presented the Van Hiele work which 
began in the Soviet Union in the late 1950s but has become a most influential factor 
in American geometry curriculum. The most prominent feature of the model is a 
five-level hierarchy of ways of understanding spatial ideas. Each of the five levels 
describes the thinking process used in geometric contexts. The levels describe how 
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we think, rather than how much knowledge we have. Each level is distinctly 
different from the next, yet it is the foundation upon which the next level is built. 
Summary of the levels of the Van Hiele hierarchy of geometric 
understandings includes the following: 
1. Level 0—Visualization: Recognition of figures/shapes based on 
appearance. For example, a rectangle may be rotated to form an oblong or a square 
to form a diamond. Students at this level can create and begin to understand how 
shapes are classified. 
2. Level 1—Analysis: This stage represents a shift from a single shape idea 
to all shapes within a class. For example, oblong, square, and rectangle all have four 
right angles, a pair of parallel sides, four sides, congruent diagonals, etc. This level 
may also recognize properties of classes of shapes, but fails to recognize subclasses 
such as indicated by the fact that squares are rectangles and rectangles are 
parallelograms. 
3. Level 2—Informal Deduction: The objects of thought at this level are the 
properties of shapes. Students at this level are not only able to recognize properties, 
but also the relationships among these properties. For example, if all four angles are 
right angles, the shape must be a rectangle; however, if in addition to four right 
angles the sides are congruent, then the shape must be a square. This kind of 
informal deduction argument is characteristic of level 2. 
4. Level 3—Deduction: The objects of thought at level 3 are relationships 
among properties of geometric shapes. At this level, students are able to examine 
more than just properties of shapes and are able to produce and examine 
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conjectures. This analysis of informal arguments leads to the structure of a system 
complete with axioms, corollaries, definitions, theorems, and postulates. Students at 
this level are able to work with abstract statements about geometric properties and 
make conclusions based more on logic than intuition. 
5. Level 4—Rigor: The objects of thought for this level are deductive 
axiomatic systems for geometry. For example, spherical geometry is based on lines 
drawn on the sphere rather than in a plane. This level of comparison is beyond the 
scope of this research and will, therefore, not be further expanded. 
The Van Hiele theory provides a framework in which to conduct geometric 
activities, but does not tell us what content to teach. However, the guidelines 
provided do help in the selection of content. This model also promotes 
developmentally appropriate, rather than age-appropriate, practices, which is 
congruent with the idea of my research focus. 
For example, junior-high-school-level learners are expected to solve 
geometric problems which involve fairly abstract concepts, even though they may 
not have had the exposure to a formal class. In such a circumstance, the instructor 
may focus on geometry concepts on a continuum from two or even three grade 
levels below in order to ensure that the foundation is properly laid. In other words, 
it would be frustrating for any learner if he or she is asked to find the area and/or 
circumference of a circle before an understanding of the relationship between 
diameter and circumference (pi) is gained. Similarly, it becomes helpful to address 
understanding of the concept of area of plane shapes prior to the introduction of 
volume of solids. 
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The Van Hiele model is consistent with research-based practices including 
differentiated classroom instruction, which encourages developmentally 
appropriate learning. The focus is on a mathematics experience which addresses 
learners’ needs where they are rather than where they should be (Tomlinson, 
2000). 
Out-of-School-Time Programs 
Research shows that out-of-school time (OST) programs can increase 
educational equity by (a) providing socio-economically disadvantaged youth with 
comparable experiences to their more affluent peers, (b) fostering high expectations 
from adults other than school teachers, and (c) enabling participants to develop 
“new basic skills” such as literacy, numeracy, teamwork, and problem solving (AYPF, 
2004). 
Newman, Fox, and Flynn (2000) observed that it is during their free time that 
youth without after-school opportunities are at risk for a host of negative behaviors 
such as drugs and alcohol use, sexual activity, and participation in crime. Larson 
(2002) confirmed that U.S. children and adolescents spent dramatically less time on 
school work, and what he referred to as productive activities, than teens in other 
industrialized countries. Consequently, they spend more time on discretionary 
activities such as playing sports, viewing television, playing and hobbies, and 
attending church. Despite so much discretionary time on their hands, their 
mathematics achievement ranks lower than that of their peers in other 
industrialized countries (Silver, 1998; SIMSS, 1982; TIMSS, 1995). For example, East 
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Asian students spend much more time and money during out-of-school time on 
school subjects than their counterparts in the U.S. (Zhao, 2005). 
Social scientists regarded this as an emergency that needed to be addressed 
expeditiously (Leath, 2005). As a result, they have taken a critical look at the 
performance status of the U.S. K-12 system of education and have determined that it 
has failed miserably in that it has not delivered high content learning opportunities 
to every child. Plank and Jordan (1997) believed that far too many children, 
especially those from minority families, are placed at risk by school practices that 
are based on a sorting paradigm in which some students receive high expectation 
instruction while others are neglected. From this perspective Bell and Heath (1993) 
declared that 
school has been an environment of frustration and failure for many youth, so 
association with schools can lead to unproductive experiences. In addition, 
school bureaucratic structures as well as norms may “invade” after school 
clubs they host undermining otherwise positive possibilities. (p. 69) 
Consequently, an alternative plan has been proposed—to utilize supplemental 
programs that have proven to enhance the achievement of middle- and high-school 
students (Piha, 2004). 
The American Youth Policy Forum clarified that the term out-of-school time 
encompasses both traditional programs operating during afternoon hours and more 
comprehensive efforts that respond to the needs of children, youth, and their 
parents during evenings, weekends, summers, and holidays, by offering activities 
that help youth grow, learn, and develop (AYPF, 2005). A meta-analysis of 73 after-
school programs conducted by Durlak and Weissberg (2005) underscored findings 
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of several other researchers that after-school programs not only impact 
achievement in reading and mathematics, but also promote important personal 
skills. Further, they proposed the following list of additional benefits: (a) improving 
youths’ feeling of self-confidence and self-esteem, (b) school bonding (positive 
feelings and attitude toward school), (c) positive social behaviors, (d) improving 
school grades, and (e) increasing achievement test scores. Durlak and Weissberg 
(2005) also observed that the level of success of OST programs is associated with 
structure and that they produce twice the benefits of unstructured programs. 
In a survey commissioned by the YMCA of the USA (2001), it was found that 
OST program participants are higher achievers than non-participants. This is 
evidenced by three out of four teens under supervision in after-school programs 
who are A and B students, compared with only 58% of students left unsupervised 4 
out of 5 days who achieve such high marks. Warren, Brown, and Freudenburg 
(1999) observed that more and more after-school programs are being charged with 
extending and enhancing the educational goals of the traditional school day and 
with providing academically enriching experiences for the youth in their care. 
Fabiano (2004), in her Fact Sheet Report, provided a classic example of how OST 
programs may augment the efforts of the K-12 school system. She indicated that 
more than 50% of students on the MLK Honor Roll were participants in the 
After School Program. For the past 4 years, all MLK Posse Scholarship 
winners have been After School Program participants; for the past three 
years, the class valedictorian has been After School Program member. (p. ii) 
Laver et al. (2006) indicated that schools and districts are adopting out-of-
school time programs to supplement the education of low-achieving students. They 
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also indicated that research paints a mixed picture of the effectiveness of OST 
programs. So, in order to clarify OST impact, they examined 35 studies on OST 
programs that assist at-risk students in reading and mathematics. The studies 
employed control or comparison groups and met other inclusion criteria. Meta-
analysis indicated substantially significant positive effects of OST programs on both 
reading and mathematics achievement. The time that each program was conducted 
did not make a difference. Jordon and Nettles (1999) focused their study on the 
influence of various kinds of OST programs on student learning and achievement. 
They express this new trend as follows: 
Educators, policymakers, and social scientists are looking beyond the 
constraints imposed by the limits of the typical school day trying to find 
creative ways to foster student learning, school engagement, and 
commitment to ongoing self-improvement. Unfortunately, not much is 
known about the real benefits of experiences such as after-school programs 
or how the ways in which students make personal investments in activities 
outside of school influence their educational success and perception of 
personal fulfillment in their lives as adults. (p. 1) 
Recurring in the body of literature on OST programs are the following 
features: 
1. They support strong American schools by giving youths more time and 
support for learning (Farbman, 2003; McLaughlin, Hill, Donahue, Malone, & Bell 
2007; Sarita, 2005). 
2. They either focus on a specific topic such as math and science or a broad 
selection of activities including academic enrichment, cultural awareness, and 
community service (Peter, 2002). 
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3. They provide interaction with positive adult role models and peers who 
share similar goals and aspirations (Galbo, 1989). 
4. They are linked to higher academic performance and attainment 
(Braddock, Royster, Winfield, & Hawkins, 1991; Townsend, 2003). 
5. They are associated with an increase in academic achievement, school 
attendance, time spent on homework and extracurricular activities, enjoyment and 
effort in school, and better student behavior (Anderson-Butcher, Newsome, & 
Ferrari, 2003). 
Boy Scouts and YMCA are examples of traditional OST programs that seek to 
address a wide range of needs including behaviors, attitude, academic performance, 
and self-esteem. Over the years, religious clubs have also played a significant role in 
meeting the social, spiritual, and some academic needs of young people in their 
organization as well as in the community. The Pathfinders Club is a religious club 
that is sponsored by the Seventh-day Adventist church. It was organized for the 
distinct purpose of developing and demonstrating faith through service to God and 
humanity. Unlike other secular OST programs the Pathfinder Club places special 
emphasis on youths’ spiritual development. It also focuses on interaction among 
participants as a means of mutual learning and fun engagements. However, the 
cognitive development of its members remains a central focus (White, 1952). This is 
facilitated by an ongoing instructional program, which this study seeks to enhance 
by providing a resource that will enable Pathfinders to improve their understanding 
important concepts in geometry. 
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Out-of-School-Time Program Design 
Peter (2002) observes that some out-of-school time (OST) programs are 
topic-specific and focus on categories such as arts and crafts, tennis or basketball, 
singing and dancing, or math and science. These programs are often labeled “quality 
program” when they are well organized and are able to draw and retain students. 
“In a culture that expects profound benefits from out-of-school participation, OST 
programs should be designed to achieve desired and articulated outcomes” (p. 5). 
This approach provides some flexibility in selecting strategies, techniques, 
approaches, and activities that are likely to produce satisfactory results for 
participants and their families. The importance of a research-based OST-designed 
curriculum is hereby underscored by the following statements: 
In the field of out-of-school time (OST) programming, research helps link 
successful strategies to desired results. The type of research takes on many 
shapes. Analysts may look at the increase or decrease in participant behavior 
over the duration of a particular initiative, or they may measure the 
combined impact of several programs. They may analyze entire programs or 
specific program components. They may or may not incorporate qualitative 
evaluations of participants, teachers, parents, and community members. 
Whatever the process, the results are that specific techniques can often be 
linked to articulated outcomes. (Peter, 2002, p. 5) 
 
 
Project-Based Learning 
Most quality OST programs include project-based learning or varied 
combinations of activities. The combinations vary depending on the program, the 
age level, the audience, and desired outcomes. Whether it is a specific program 
framework or customized set of activities, research-based Best Practices can help to 
shape, refine, and authenticate quality. 
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Project-Based Learning (PBL) has a long history (Grant, 2002). For over 100 
years, educators such as John Dewey have reported on the benefits of experiential, 
hands-on, student-directed learning. Many educators, knowing the value of 
engaging, challenging projects for students, have planned field trips, laboratory 
investigations, and interdisciplinary activities that enrich and extend the 
curriculum. PBL approach engages learners in exploring important and meaningful 
questions through a process of investigation and collaboration. Students ask 
questions, make predictions, design investigations, collect and analyze data, use 
technology, make products, and share ideas. Krajcik, Czerniak, and Berger (1999) 
also try to define this approach, and emphasizes that in the typical PBL 
environment, students are, in fact, investigating solutions to a problem. They build 
their own knowledge by active learning, interacting with the environment as 
suggested by the constructivist approach, working independently or collaborating in 
teams, while the teacher directs and guides. They make a real product (Thomas & 
Mergendoller, 2000). He also classified the investigation processes as design, 
decision-making, problem-finding, problem-solving, discovery, or model building. 
Thus, central activities for the project are transformation and knowledge 
construction. New understandings and new skills are extended in terms of making 
connections with prior knowledge. For instance, planting a garden or cleaning a 
stream bed are projects, but not PBL projects. 
Krajcik et al. (1999) suggest four benefits for the student. First, learners 
develop deep, integrated understanding of content and process. Second, students 
learn to work together to solve problems. Collaboration involves sharing ideas to 
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find answers to questions. In order to succeed in the real world, students need to 
know how to work with people from different backgrounds. Third, this approach 
promotes responsibility and independent learning. As a final benefit, this approach 
actively engages students in various types of tasks, thereby meeting the learning 
needs of many different types of learners. 
Research-Based Learning 
A research-based program in mathematics is built on the idea that all 
students can succeed in mathematics, when given a program that provides best 
practices in assessment, instruction, and professional development (Hillman, 2007). 
The balanced pedagogical approach of any research-based program is founded on 
several core beliefs such as: 
1. Students perform best when challenged to meet high expectations 
(Brook, Nomura, & Cohen, 1989; Edmonds, 1986; Howard, 1990; Levin & Lezotte, 
1990; Rutter, Maughan, Mortimore, Ouston, & Smith, 1979; Slavin, Karweit, & 
Madden, 1989). 
2. Students learn best through a variety of modalities, including auditory, 
visual, tactile, and kinesthetic (Bransford, Brown, & Cocking, 2000; Gardner, 1993; 
Silver, Strong, & Perini, 2000). 
3. Underprepared students benefit from scaffolding, a process by which 
they are supported until they can apply new skills and strategies independently 
(Kame’enui, Carnine, Dixion, Simmons, & Coyne, 2002; Rosenshine & Meister, 1992). 
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4. Underprepared students need both guided instruction and challenging 
activities that demand critical thinking, problem-solving skills, creativity, and 
reflection (Stronge, 2002). 
To accomplish these ideals, activities are planned that allow students to 
discover, explore, discuss, practice, and reflect on the foundational mathematics 
concepts, skills, and problem-solving strategies for their grade levels. This strategy 
ensures optimal student engagement, thus supporting student performance. 
Engaging students in active learning requires that they practice the 
objectives to be mastered through a variety of activities and levels of activities 
(Chickering & Gamson, 1987). In addition, students are provided with opportunities 
to reflect upon what they did throughout the lesson. In fact, there is widespread 
support for the potency of reflection in the learning process (Perrone, 1994). These 
features give the distinction between research-based practices in education and the 
traditional (that is the perennialist and/idealist model) program design. 
Examples of Successful Mathematics Programs 
Clewell, Consentino de Cohen, Campbell, and Perlman (2005) used 
evaluation study results to identify a number of math and science curricula, at the 
middle- and high-school levels, that have successfully increased student 
achievement. I closely examined several of these curricula, selected essential 
features that are compatible with this study, and present these below. The 
Integrated Mathematics, Science, and Technology program (IMaST) promotes 
hands-on learning and implements the constructivist theory with active student 
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participation. In Direct Instruction (DI), each skill is broken down into its 
component parts and each component of the skill is taught to mastery. Saxon Math: 
An Incremental Development (SM) leads students toward a deeper understanding of 
mathematical concepts by building a foundation on increments while implementing 
a mastery paradigm. Similar to Math in Context (MIC), the Interactive Mathematics 
Program (IMP) is a 4-year, problem-based curriculum that incorporates traditional 
branches of math (algebra, geometry, and trigonometry) with additional topics 
recommended by the National Council of Teacher of Mathematics. The NCTM 
standards place considerable emphasis on conceptual understanding, problem 
solving, and the constructivist pedagogy. Students are encouraged to experiment, 
investigate, ask questions, reflect, and accurately communicate their ideas and 
conclusions. 
The extant body of literature related to OST curriculum development is 
growing. It is a result of the continuation of the works of reputable theorists such as 
Bobbitt, Tyler, Baker and Schutz, Dewey, Piaget, Bruner, and Montessori. These have 
engaged in a progression of curriculum works toward the establishment of 
curriculum as a field of study. The attention given to development of the math 
curriculum in the U.S. since the year 2000 is significant. Stakeholders at all levels 
became better aware of the importance of mathematics, as a result of the growing 
demand for a better prepared workforce for the 21st-century job market. As part of a 
global educational community, performance among U.S. students was repeatedly 
found to be non-competitive. This condition had implications for the K-12 
education, which led to the acknowledgment of OST programs as supplement. In 
 60 
 
particular, educators are called upon to do their part to ensure that every child 
receives an adequate mathematics experience. Any curriculum development model 
that establishes partnership, by active learners’ involvement and systematic 
feedback, has the potential to produce a more student-friendly product. 
In developing this project, I found strong support and encouragement in the 
literature. For example, I discovered that the continuing use of objectives, in 
curriculum development, constitutes an important link between the traditional and 
non-traditional curricula. Hence, the dynamism of educational design research 
facilitates one’s effort in the development of a more relevant curriculum. The 
educator’s passion to improve student achievement can certainly lead to actions 
that make a positive impact toward the acquisition of useful knowledge and skills. 
Curriculum conceptualizations in the U.S. have evolved for more than two 
centuries from the rigid, perennialists’ industrial model to a liberal model which is 
accommodating to a more culturally pluralistic, 21st-century audience. Features of 
the G.R.A.CE Project mirror several innovations of current educational research 
designs. These include: (a) clear description of outcomes in the form of behavioral 
objectives, (b) learner-and activity-centered exercises, and (c) learner-instructor 
collaboration in product content modification. 
The undertaking of this research project was encouraged largely by the 
following reports: (a) legislation by the federal government to implement corrective 
measures, (b) national assessment of the status of K-12 mathematics achievement, 
and (c) international comparison of mathematics achievement between the U.S. and 
other developed nations. These reports brought to light the truth regarding where 
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we were and where we should aspire to be. In other words, math achievement need 
among U.S. children became a top priority. In response I chose to develop a 
geometry curriculum—a resource that can be adopted to meet the needs of different 
audiences. 
Recent proliferation of the literature on OST program–related issues has also 
been a response to the need for supplement to the U.S. K-12 education system. OST 
programs often implement demarginalization initiatives toward the realization of 
greater achievement in various areas of need including reading and mathematics. 
The G.RACE Project is grounded in a variety of recent empirical research findings. 
For example, research-based instruction, project-based learning, and a variety of 
student-centered activities were included in the project. In addition established 
theoretical “mandates” in the curriculum field were reviewed and used as a guide 
throughout the process. 
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CHAPTER 3 
METHODOLOGY 
Introduction 
The purpose of this study was to develop and test an out-of-school time (OST) 
geometry curriculum. The Baker and Schutz (1971) Instructional Product 
Development Model was utilized in the empirical development process. Other 
researchers such as Bailey (1997), Selmanovic (1996), and Gregor (1996) have 
found the Baker and Schutz (1971) model useful in their curriculum development 
initiatives. The model is flexible and therefore makes provision for curriculum 
developers to incorporate current research-based practices as part of their final 
product. The accountability feature of this model allows researchers to pinpoint the 
status of change in measurable terms (Popham & Baker, 1970).  
The Baker and Schutz Product Development Model’s 
Relevance for the 21 st Century 
Curriculum design is the organizational plan used in the development of a 
specific curriculum. This mixed-method study used the Baker and Schutz (1971) 
model in its organization. This seven-step design model features the core 
components associated with the empirical developmental process of an 
instructional product. Whether this 36-year-old model is still appropriate for the 
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organization, construction, delivery, and assessment of a specialized out-of-school 
time (OST) geometry curriculum is a legitimate concern. 
Bailey (1997) developed a compelling argument in favor of the relevance of 
the Baker and Schutz (1971) curriculum development methodology one decade ago. 
She recounted the complex combination of theoretical perspectives interwoven into 
one “master” theory. Among these are: (a) Bobbitt’s (1918) Scientific Management 
theory, (b) Tyler’s (1949/1986) Theory regarding the use specific objectives in 
curriculum construction and evaluation, (c) the National Committee of the National 
Educational Project on Instruction’s (1963) concept of unification of theory through 
clearly stated rationale, (d) Fredrick Shaw’s educational design framework that 
focuses on beneficial changes through educational guidance and teaching strategies, 
(e) Carter’s (1969) theory of accountability in a systems approach, in his specific 
plan to represent specific curriculum and student learning based on this curriculum, 
and (f) Charles Silberman’s (1970) theory regarding students’ creativity, 
understanding, and basic interest as the essence of education. Lagemann (1997) 
takes a retrospective view of the past century of activities in the educational 
research arena. She refers to these activities as “continuing contests” among 
different groups--especially scholars. 
According to Bailey (1997), the fundamental principle of the Baker and 
Schutz (1971) model--specificity of desired outcomes as a central component of 
curriculum design--resonates with the innovations in design among researchers and 
practitioners during the period 1971–1997. The model was therefore relevant in 
1997 and possibly beyond. 
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Fauser, Henry, and Norman (2006) compare alternative instructional design 
models, one for each of three design models classified by Gustafson and Branch 
(2002) as classroom, product, and system. The Classroom-Oriented Model such as 
the Gerlach and Ely Model recognizes that most curricula will be designed around 
the concepts to be taught in each subject matter (Braxton, Bronico, & Looms, 1995). 
The first step in this model is to specify objectives and content simultaneously; and 
following allotment of resource to accomplish the task stated in the objectives, the 
performance is then evaluated. Bates’s (1995) Product-Oriented Model focuses on 
material production and course delivery which is most suitable for distance 
learning. Its focus on computer material production represents a dramatic shift 
from the basic component of the Baker and Schutz (1971) Model. However, it is to 
be noted that this design is best suited within a technology-focused context and may 
not be suitable for curricula with other emphases. The System-Oriented Model 
developed by Gentry (1994) focuses mainly on needs assessment, instructional 
design featuring specific objectives, strategies and techniques, pilot testing for new 
instructional products, and ongoing application and evaluation. 
Although a dramatic revolution in educational design research (between 
1977 and 2007) seems to make the Baker and Schutz (1971) model obsolete, the 
fundamental principle of this model (objective-based) is still widely utilized. 
Therefore, its continuing relevance stands uncontested. Fauser et al. (2006) propose 
that 
Instructional Designers cannot be effective if they are familiar with only one 
model. The designer must be able to fit the design to the situation and 
familiarity with various models demonstrates that although the models had 
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differences, combined steps in various ways, or used different vocabulary, 
they share a fundamental principle of attempting to deliver effective 
learning. (p. 5) 
In his attempt to build a broader definition than that of the traditional 
curriculum, Akker (2003) proposes a model that shows the connectedness between 
the following components of the 21st-century curriculum: aim and objectives, 
content, learning activities, teacher role, materials and resources, grouping, location, 
time, and assessment. In Educational Design Research, Akker, Gravemeijer, 
McKenney, and Nieveen (2007) describe a relevant curriculum as one that is 
carefully examined and tailored for the context and culture in which it is 
implemented. However, such effort must consider the target setting (context), 
current research, and a natural ecology in which development activities take place. 
From a learning design perspective, Akker et al. (2007) detail three stages: 
preparation for experiment, experimenting in the classroom, and conducting 
retrospective analyses. Again, the singular intent to improve learning and the 
implementation of goals/objectives formulation, rallying resources to accomplish 
the desired outcomes, and seeking to ascertain the effectiveness of the experiment 
have been reordered somewhat but form the basis of the most current practices 
associated with educational design research. 
The U. S. K-12 education is strongly influenced by Standards 2000 and 
Curriculum Focal Points--a recent innovation of the NCTM. This upgrade attempt 
was part of the standard-driven mandate of the NCLB Act which demanded a high 
standard of accountability. Compliance practices include: establishing of clear 
direction for instruction, selecting appropriate standards and benchmarks, utilizing 
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resources that are either made available (for the task) or suggested, and 
administering standardized tests. These practices were engaged in as educators 
“assert the fundamental importance of striving toward excellence in mathematics 
education. They set high expectations for all students and provide strong support 
for students to meet them” (Silver, 2002, p. 75). 
Current educational design research is promoting curriculum models that 
focus on a more thorough account of all aspects of the learning process. For 
example, audio recording of group meetings and classroom sessions, conducting and 
recording pre- and post-interviews, making copies of students’ work, and 
assembling field notes are part of the process (Rebello, Cui, Bennett, Zollman, & 
Ozimek, 2007). These design features may be intended to provide support for 
Dewey’s complexity of the learning process theory or to justify the criticism that the 
traditional curriculum is more production-oriented than people-friendly. This may 
hold true for the cognitive component of the Baker and Schutz Model. However, it is 
this same model that highlights the importance of the affective component of the 
learning process. The affective component is sensitive to participants’ feelings; it 
values their perspectives, and utilizes participants’ input in the development of the 
instructional product. 
Population and Sample 
The population for this study consisted of Pathfinder Club participants and 
their eligible guests within the Lake Union Conference of Seventh-day Adventists. 
These individuals were located in local conferences within the states of Michigan, 
Indiana, Illinois, and Wisconsin. The participants for this study were selected based 
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on the following criteria: (a) must fall within the 12-14 age group and (b) currently 
an active member of a LUC club. Pathfinder members who met the selection criteria 
were invited to volunteer to participate in the G.R.A.C.E. Program. 
The first two participants were members of the All Nations Pathfinder club 
located in Berrien Springs, Michigan. Four subjects from the South Bend Seekers 
Seventh-day Adventist Pathfinders Club located in Gary, Indiana, participated in the 
second session. A third group of eight club members from the South Bend-area 
Seventh-day Adventist churches Pathfinder clubs was invited to participate in the 
third session.  
The fourth group of 25 subjects was assembled from club members who 
were available at the time scheduled for the tryout session. These participants were 
selected from the SDA Pathfinder clubs from the following four locations: Eau Claire, 
Michigan; Ypsilanti, Michigan; Gary, Indiana; and Shiloh, Illinois. 
Even though the selection of subjects was done through a non-random 
sampling procedure, an effort was made to ensure that the sample was 
representative of the population. Consequently, an ethnically diverse group of 
seventh- to eighth-grade-level Pathfinders consisting of males and females, inner 
city, suburban and rural youth volunteered to participate in the G.R.A.C.E. Project. 
Steps in Developing the Instructional Product 
The Baker and Schutz Model includes the following seven steps for the 
empirical development of an instructional product: 
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Step 1: Formulation 
The question of whether a new or improved product is justifiable in terms of 
its need is addressed in this step. Baker and Schutz (1971) pointed out that the 
value of developing an instructional product is in direct proportion to its need. The 
purpose of this phase of the process is to determine the need for a new instructional 
product. 
Step 2: Developing Behavioral Specifications 
The second step of the process requires the development of clearly stated 
behavioral objectives. Acceptable levels of performance and any criteria-qualifying 
objectives must be specified (Baker & Schutz, 1971). According to Gronlund (2006), 
the most recent revision of Bloom’s taxonomy as presented by Anderson et al. 
(2001) provides a useful framework for identifying and presenting instructional 
objectives, instructional activities, and assessment methods.  
Step 3: Item Tryout 
During Step 3 a cognitive pre-test/post-test instrument (Appendix A) and 
criteria for evaluating mastery (Appendix B) are designed, based on the stated 
behavioral objectives and guidelines gathered from the literature. The objectives are 
classified using six levels of Bloom’s most recent taxonomy (remember, understand, 
apply, analyze, evaluate, and create). To ensure balance in levels of cognition in the 
evaluation process, for the six levels of performance, points are assigned in 
ascending order of complexity, ranging from “remember,” 1.0 point, to “create,” 6.0 
points. The numeric value assigned to each level of the taxonomy is intended for 
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proper communication in this model. This is consistent with Bloom’s primary 
purpose for the establishment of his Taxonomy (Bloom, Max, Furst, Jill, & 
Krathwohl, 1956). 
Step 4: Initial Product Development, Group of 2 
At this stage, the curriculum is delivered to a small group of two members of 
the target population. Special attention is given to details regarding content, 
organization and interest-building strategies. The information presented at the 
seminar is delivered in a positive manner, while seeking suggestion for 
improvement. Feedback obtained in the form of written or verbal suggestions from 
subjects along with comparison of the pre-test and post-test scores become helpful 
in the development of the instructional product. 
At the conclusion of the first tryout, the cognitive pre/post-test, criteria for 
the test, participants’ and developer’s manuals are all revised to reflect suggested 
changes. The newly revised product is now ready to be used with the second group 
of subjects in the next tryout. 
Step 5: Product Tryout, Group of 4 
Following administration of the pre-test, the curriculum is delivered to a 
larger group consisting of four individuals from the target population. During this 
phase of the developmental process, a word-for-word presentation is made using 
the revised developer’s manual. During this tryout stage, special attention was given 
to content, clarity, and the efficiency in communicating the instructional contents of 
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the seminar. Post-test results along with evaluative comments elicited from the 
group are again used in further revisions and modifications of the product. 
Step 6: Product Revision, Group of 8 
Eight members of the target population are selected and exposed to the 
product in its complete form, and mastery from pre-test and post-test comparison 
was documented. Using this valuable information on record, along with more 
feedback from the subjects the product is again revised.  
Step 7: Final Trial and Analysis, Group of 25 
A group consisting of 25 individuals is used in this final stage of the 
instructional product development. Mastery of at least 80% of the objectives by at 
least 80% of the participants provides as indication that the empirical development 
process is complete. 
Modification of Affect 
Baker and Schutz (1971) and Naden (1992) reason that since learning is both 
a cognitive and an affective process, modification in the affective domain should also 
be measured. Gregor (1996) states the following criteria regarding modification of 
effect: (a) It should be examined through the affective instrument, (b) the 
instrument should be administered at the beginning and conclusion of the lecture 
presentations, and (c) items of the questionnaire should be related to the lecture 
material and randomly ordered with Likert-scale questions ranging from 1 (strongly 
disagree) to 5 (strongly agree). Modification of affect among learners was measured 
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through a Likert-type instrument. This instrument, along with the cognitive pre-
/post-test, made up the complete testing instrument for the G.R.A.C.E. Project. 
Data Analysis 
Modification of affect was measured by comparing participants’ pre- and 
post-test scores on the affective exams. Test scores from each group involved in the 
developmental process were compared (Anderson, Klein, Davidson, & O’Malley, 
1991; Bailey, 1997; Ferguson & Takane, 1989). Descriptive statistics procedures 
were used in converting test scores to percentages and calculating pre-and post-test 
means for comparison at each developmental stage of the instructional product. 
Effect size was calculated using the formula n2 = t2/(t2 + df). 
Summary 
This study focused on the development of an out-of-school time geometry 
curriculum, using the Baker and Schutz (1971) Instructional Product Developmental 
Model. This model is flexible and assumes a step-by-step approach that walks the 
researcher through the entire empirical development process. Many recent 
researchers also utilized the Baker and Schutz Model in their curriculum research 
projects. 
The population for this study consisted of Pathfinder Club participants and 
their eligible guests within the Lake Union Conference of Seventh-day Adventists. 
These individuals were located in local conferences within the states of Michigan, 
Indiana, Illinois, and Wisconsin. Four groups totaling 39 subjects were selected 
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using purposive sampling based on the following criteria: (a) must fall within the 
12-14 age group and (b) currently an active member of a LUC club. 
Tryout sessions, which engage progressively larger groups of participants in 
interactive learning sessions, are an integral part of the seven-step process 
prescribed by Baker and Schutz (1971) for the empirical development of an 
instructional product. Minimum acceptable performance on the cognitive pre-/post-
test was set at the 80/80 level. In other words, 80% of the participants had to score 
a minimum of 80% on each of the 25 behavioral objectives in order to achieve 
mastery of content. A 20-item Likert-type instrument is used to measure 
participants’ modification of effect; that is, the extent to which appreciation for and 
interest in the new learning may be sustained over time. 
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CHAPTER 4 
RESULTS 
Introduction 
The Pathfinder Program currently implements curricula that foster social, 
spiritual, and physical development of its members, in keeping with its holistic 
approach; yet, no instructional product has been used to deliberately address 
participants’ intellectual development in mathematics. In an attempt to address this 
existing need, I implemented the Baker and Schutz (1971) Instructional Product 
Development Model in developing an out-of-school (OST) time geometry 
curriculum. 
This chapter reports results obtained throughout the developmental process 
of the Geometry in Real-life Application Curriculum Experiences  (G.R.A.C.E.) 
Project—making meaning and application in geometry. This chapter is organized 
based on the following seven steps used by Baker and Schutz (1971) in their 
Instructional Product Development Model. The sequencing of these results is based 
on the performance of three tryout sessions followed by a full-scale implementation 
with the largest group of 25 subjects. 
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Empirical Development of the Instructional Product 
Step 1: Formulation 
Active seventh- and eighth-grade-level members of Pathfinder clubs 
constituted the target audience for this study. Individuals at this cognitive 
developmental stage are ready for more challenging mathematics experiences (Ma 
& Xu, 2004). Yet no instructional product that deliberately addresses the 
mathematical cognitive development of Pathfinder Club members was found. 
Justification for a new instructional product to enhance Pathfinders’ cognitive 
development in math was established by means of informal interviews with club 
members and Pathfinder club officials who confirmed the non-existence of such a 
product. In addition, review of the limited literature on specialized curricula pieces 
currently used in the training program provided additional confirmation. 
Step 2: Development of Behavioral Specification 
Twenty-five behavioral objectives were formulated based on guidelines 
presented in the literature (on instructional product development) as well as 
repeated peer and expert reviews. Bloom’s revised taxonomy was used to classify 
objectives in terms of levels of difficulty ranging from 1 to 6. Objectives were also 
classified under five main headings and were stated in measurable terms. 
Minimum acceptable performance for mastery is set at 80/80; that is, at least 
80% of the participants must master at least 80% of the objectives. The 25 
behavioral objectives described below have been processed through extensive peer 
and expert review. In addition, each has been compared to a Standard and recent 
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Focal Points established by the National Council of Teachers of Mathematics 
(NCTM). 
Section One: Foundations of Geometry— 
Six Behavioral Objectives 
1. The learner will select correct descriptions for geometry, Euclidian 
geometry, and non-Euclidian geometry, given five choices. 
2. The learner will match ten geometric symbols with their appropriate 
names. 
3. The learner will accurately translate into English a statement expressed 
in geometric symbols. 
4. The learner will correctly use five geometry terms (supplementary, 
symmetry, postulate, similar, and sector), given descriptions. 
5. The learner will prepare fairly accurate sketches of graduated cylinder, 
triple beam balance, and cylinder. 
6. The learner will use definitions of congruency and similarity to write 
correct statements of equality. 
Section Two: Geometry All Around Us— 
Five Behavioral Objectives 
7. The learner will identify five geometric shapes that are visible in nature, 
given clear descriptions of each. 
8. The learner will differentiate between basketball and circle (in terms of 
their unique properties) in 15 words or less. 
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9. The learner will choose the best estimates of area and perimeter of a 
trapezium, given four choices. 
10. The learner will determine a pair of possible dimensions of a cuboid 
whose volume is given. 
11. The learner will identify a transformation out of six choices, given a 
diagram of the transformation of a shape in the Cartesian plane. 
Section Three: Understanding Key Principles 
in Geometry—Five Behavioral Objectives 
12. The learner will determine equivalent estimates of pi by comparing 
diameter and circumference of a circle. 
13. The learner will write true statements leading to the conclusion that for 
any triangle RPQ, the sum of the interior angles equals the exterior angle. 
14. The learner will answer six questions related to the formula “D=m/v” 
correctly. 
15. The learner will apply the Pythagorean Theorem by selecting the 
appropriate anchor position of the rope when a pole is erected at 90 degrees with 
the ground, given a diagram showing the various positions and the rope. 
16. The learner will explain in five steps how to determine perimeter of an 
irregular plane shape with a string and ruler. 
Section Four: Constructing Meaning in Geometry— 
Five Behavioral Objectives 
17. The learner will create a tessellation with exactly 20 congruent shapes. 
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18. The learner will rearrange segments of a design to create a new 
symmetric pattern. 
19. The learner will position an image to show the effect of transformations 
by reflection through the x and y axes. 
20. The learner will classify coordinates in their appropriate quadrant or 
axis category. 
21. The learner will sketch a net for a similar cylinder, given scale factor and 
model. 
Section Five: Using Geometry to Solve 
Problems—Four Behavioral Objectives 
22. The learner will apply the proportion principle in calculating total 
investment and expected yield per hectare. 
23. The learner will calculate the number of boxes of tiles needed to tile a 
parallelogram, given a job description. 
24. The learner will give a rationale for their selected travel route, given a 
written scenario. 
25. The learner will explain in five steps how to determine the volume of an 
irregular solid using a graduated cylinder. 
Step 3: Item Tryout 
An objective-based cognitive pre- and post-test (Appendix A) with specific 
criteria for evaluating mastery (Appendix B) were prepared and used to assess 
participants’ achievement at both entry and post-instruction levels, to determine the 
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effect produced by the instruction. Six levels of objectives (remember, understand, 
apply, analyze, evaluate, and create) were classified under the following main 
headings: Foundations of Geometry: items 1-6; Geometry All Around Us: items 7-11; 
Understanding Key Principles in Geometry: items 12-16; Constructing Meaning in 
Geometry: items 17-21, and Using Geometry to Solve Problems: items 21-25. Test 
items used to measure the educational objectives were constructed in a variety of 
forms including matching, multiple choice, completions, essay-type, and short-
answer questions. Test items were also included that required practical 
demonstration of selected principles taught during the G.R.A.C.E. Project. McMillan 
and Schumacher (2001) confirm that “authentic or alternative assessments are 
measures of performance that require demonstration of skill or proficiency by 
having the respondent create, produce, or do something” (p. 41). 
In addition to the criteria established for the cognitive instrument, for this 
study, a Table of Specifications (Table 2) was used to specify point allotments for 
test items. In Assessment of Student Achievement, Gronlund (2006) confirms that 
“the table of specifications serves the test maker like a blueprint; it weighs the 
learning outcomes and content areas in terms of their relative importance” (p. 60). 
The level of performance specified for each topic is indicated by the points allotted. 
For example, three responses to questions on Definition of Geometry were classified 
at the Understand level of Bloom’s Taxonomy, and the topic is given a relative 
emphasis of 3%. For the topic Understanding Symbols, the learner received full 
points only if he/she responded correctly to 10 items at the Remember level, 2 items 
at the Understand level, and 3 items at the Apply level.
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The Affective Instrument 
In keeping with the criteria listed above, a 20-item affective instrument 
requiring Likert-type responses, along with two open-ended type questions, was 
prepared (see Appendix D). Items were randomly presented with the following 
classifications: Items 1, 3, 5, 7, 9, 16, 17, 18, 19, and 20 are concerned with learners’ 
perception of geometry. Items 6, 8, 12, and 15 seek to determine the extent of 
learners’ awareness of the importance of geometry. Criteria for the structure and 
organization of the items were derived from the literature (Gregor, 1996; 
Oppenheim, 1966). 
To assess learners’ commitment to the learning of geometry, items 4, 11, and 
14 were included, and items 2, 10, and 13 for learners’ level of confidence in 
geometry. Selmanovic (1996) classified items on the affective instrument. Both pre-
and post-test scores were convert into percentages and compared. In addition, a 
measure of effect size was calculated for assessment of impact. 
The two open-ended items, 20 and 21, were included specifically to elicit 
comments that were factored into the revision of the instructional process to create 
a more favorable environment for learners to engage geometry confidently and 
successfully. 
Again, five credentialed, experienced math educators and different groups of 
doctoral students reviewed the affective instrument for internal consistency. The 
same instrument with different open-ended items was used for post-test inventory. 
Open-ended questions for post-test sought to elicit from learners (a) the extent to 
which they have achieved their goals, and (b) attitudes and behaviors that were 
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particularly motivating. In essence, these questions were concerned with 
characteristics of the G.R.A.C.E. Program that enhance learners’ appreciation for and 
determination toward mastery of geometry concepts. 
Step 4: Initial Product Development, Group of 2 
The initial preparation of the items needed to begin the G.R.A.C.E. Project was 
completed, following extensive peer and expert reviews. During several scheduled 
meetings, doctoral candidates from Andrews University School of Education offered 
helpful suggestions and assisted with editing of the document. Selected  professors 
from different departments (Dr Elvin Gabriel. Dr. Larry Burton, Dr. Lee Davidson. 
Dr. Tevni Grajales, and Dr. Lionel Matthews) also made suggestions for 
improvement of the product. The insights gained from these sessions were 
documented and compared with those contained in the literature. The instructional 
product consisted of (a) 25 behavioral objectives, (b) the affective pre-/post-test 
(Appendix D), (c) the cognitive pre-/post-test with criteria (Appendix B), (d) the 
developer’s manual (Appendix F), and (e) the participants’ manual (Appendix E). 
The manuals provided a detailed outline of core content to be covered along with 
examples and clear instructions. 
At this stage of the developmental process, the step-by-step sequencing of 
content was attempted as an experiment with two subjects from the target 
population. First, the affective and cognitive pre-tests were administered and 
secured for grading; then, the subjects were exposed to the entire instructional 
content. Both subjects participated in planned activities including: measuring, 
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calculating, completing exercises in geometry, and engaging in teacher-led and peer-
group discussions. Results obtained from the cognitive pre-test are shown in Table 
3. Subjects responded to items indicated by objectives 3, 5, and 19 only. This 
indicated that 22 items, or 88% of the items, were probably new to the subjects. 
Full-scale curriculum delivery was the next step. The task at first seemed 
daunting, but as time progressed changes began to take place. After some 
adjustments in my teaching method it was observed that one student was more 
confident and was always willing to assist her peer. The other student was often 
timid and made careless mistakes on a regular basis. I started to use more concrete 
objects and demonstrations which proved to be very helpful. For example, one 
subject remarked, “This thing is confusing,” and the other seemed to concur. But 
from the same lips I heard: “Geometry is interesting; I understand the concepts very 
clearly.” At the conclusion of instruction both students appeared empowered. This 
was evidenced by their verbal commitment to continue pursuing the study of 
geometry, expressions of appreciation for the way the lesson was taught, and 
expression of confidence in their personal ability to achieve mastery on the post-
test. 
The cognitive post-test scores were in marked contrast to pre-test scores. Both 
participants scored 100% on 15 or 60% of the stated objectives. They also scored 
80% or greater on 22 out of 25, or 88%, of the stated objectives. One of two 
participants scored 80% or greater on all 25 stated objectives. This level of 
achievement met the standard set in chapter 3, if the group is to achieve mastery. 
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Performance on objectives 3, 6, 13, 14, 20, and 25 fell short of 100% but met the 
expected standard. However, the minimum score required for mastery was not 
obtained for objectives 10, 15, and 22. The last four lines in Table 3 indicate: (a) the 
percentage of subjects scoring 80% or greater on each objective, (b) the mean 
percentage score for pre-test on each objective, (c) the mean percentage score for 
the post-test on each objective, and (d) the difference between pre- and post-test 
mean scores. 
In their written responses both subjects indicated that they thought that they 
accomplished their goals. The more confident subject achieved 80% or better on all 
25 objectives, whereas the other subject achieved similar scores on only 22 out of 
25 objectives. 
In preparation for the next tryout, components of the curriculum were 
modified. On the basis of subjects’ observations or requests, some narratives in both 
the students’ and the developer’s handbook were revised for greater clarity. 
Revisions were also made to test items 1, 6, and 10. Question #1 was changed to 
require multiple rather than a single response. Question #6 was modified by 
replacing a pentagon with a small hexagon. A hexagon and a smaller pentagon were 
presented as similar figures. The error was pointed out by one subject who 
remarked that it was confusing since the number of corresponding sides of the 
figures was different. The original single response intended for question #10 was 
also changed to a multiple response type question to elicit a more thorough 
response. 
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Modification of Affect, Group of 2 
Comparison of the means of the affective pre- and post-tests scores for two 
subjects revealed a 16% difference and an effect size of 0.708. The values indicated 
that the difference of 16% between the post- and pre-test scores was important 
with a medium effect. Table 4 shows subjects’ pre- and post-test percentage scores 
on the affective instrument. The percentage difference between post- and pre-test 
scores is also given. 
Pre-test scores of 56 and 70 were averaged. Post-test scores of 61 and 93 were 
also averaged, and the difference between means, 79 and 63, or the mean of the 
differences of 5 and 23, represents the change in participants’ perceptions and/or 
attitude toward understanding of geometry concepts. This change appears to be 
congruent with participants’ indication of their intentions expressed in response to 
open-ended items included in the affective instrument. 
Table 4 
Affective Test Scores of 2 Participants 
_________________________________________________________________________________________________ 
    Post-test 
     Pre-test 
       Subjects       Pre-Test      Post- Test Difference 
_________________________________________________________________________________________________ 
   1 56 61   5 
   2 70 93 23 
Mean 63 79 16 
_________________________________________________________________________________________________ 
 
 
 87 
 
Step 5: Product Tryout, Group of 4 
The second group of subjects consisted of two girls and two boys from the 
South Bend Seekers Pathfinder Club. The cognitive pre-test result of this group was 
similar to that of the first group. This provided further confirmation of participants’ 
unfamiliarity with geometry content even at the very basic level. Of the 10 items 
that were attempted, one child demonstrated mastery on 4 out of the 25 objectives; 
one child on 2 out of the 25 objectives, one child on a single objective, and one child 
on none of the objectives. Scores ranged from 0% to 100% on selected items 
attempted on the cognitive pre-test. 
Much attention was given to individuals who appeared timid. Confidence-
building strategies were regularly implemented. For example, subjects were 
liberally commended for their effort and more practice was given for reinforcement 
of selected geometry concepts. Group participation was found to be very helpful, as 
all participants were determined to succeed together. Subjects indicated that they 
were now ready for the post-test. 
On the cognitive post-test, three children scored 80% or better on all 25 
objectives whereas one child achieved mastery on 21 of the 25 objectives. Scores 
ranged from 20 to 100% on the cognitive post-test items. The percentage mastery as 
prescribed for the G.R.A.C.E. Program increased from 50 to 75% on the second 
tryout. Table 5 presents results of the cognitive pre- and post-test. 
Since this modest increase from the first tryout still fell short of the minimum 
requirement for mastery, this indicated the need for further modification of 
different components of the curriculum. Specifically, I focused on rewording or 
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restructuring of format as subjects provided feedback.  For example, question #1 
was further modified to better reflect its stated objective. Question # 14 was 
changed to include detailed application of the density formula. Question #20 was 
simplified by rewording to omit reference to the origin, use of the standard x and y 
axes, (instead if L1 and L2), and three classifications were required instead of the 
original six. The wording of question # 21 was revised for clarity, since at first it 
suggested that the learner should construct a cylinder instead if the net of a 
cylinder. This was quite misleading. However, the change sought to communicate 
the intent of the developer to both learner and program coordinator more 
effectively. Again, these changes were reflected in manuals, pre-and post-tests and 
criteria for the test. Thus, the modified product was ready to be used with the next 
group of subjects. 
Modification of Affect, Group of 4 
Comparison of the means of the affective pre- and post-tests scores for four 
subjects revealed a 24% difference, and an effect size of 0.968. The values indicated 
that the difference of 24 % between the post- and pre-test scores was important 
with a large effect. Table 6 shows subjects’ pre- and post-test percentage scores on 
the affective instrument. The percentage difference between post- and pre-test 
scores is also given. 
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Table 6 
Affective Test Scores of 4 Participants 
_________________________________________________________________________________________________ 
    Post-test 
     Pre-test 
       Subjects       Pre-Test      Post- Test Difference 
_________________________________________________________________________________________________ 
    1 56 80 24 
    2 71 88 17 
    3 58 82 24 
    4 63 92 29 
Mean 62 86 24 
_________________________________________________________________________________________________ 
 
 
 
Step 6: Product Revision, Group of 8 
The modified version of the G.R.A.C.E. Project in its complete form was presented to 
a third group of 8 subjects, following administration of the pre-tests. Scores on 23 
behavioral objectives on the cognitive pre-test fell below the 80% minimum 
required for mastery. Four subjects scored 0% on all 25 behavioral objectives. Three 
subjects scored 80% on one behavioral objective, and one subject scored a 
minimum of 80% on two behavioral objectives (see Table 7). The pre-test results 
confirmed earlier findings that seventh- and eighth-level-subjects in the target 
population for this study were never before exposed to a formal program in 
geometry. However, the progress made by the previous groups in the post-test was 
very encouraging, so I proceeded cautiously but confidently with the instructional 
delivery. I found that the modifications were quite helpful. Complaints about lack of 
clarity of test items diminished. All 8 subjects seemed to have been grasping the  
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concepts quite readily. However, I continued to emphasize the practices that 
seemed most helpful for this age group. Briefly put, I was learning from my 
experiences. 
Again, evidences of readiness among group members were demonstrated. All 
participants were getting answers to selected questions at a faster rate than the 
previous groups. 
Scores on the cognitive post-test inventory were very encouraging. All 8 
subjects achieved mastery on 23 behavioral objectives. Seven subjects (87.5%) 
scored 80% or better on all 25 objectives. Mastery was attained based on the 
criterion specified for the G.R.A.C.E. Project. Only one subject failed to achieve the 
required minimum score of 80% on behavioral objectives 1 and 3. 
This performance disparity among learners provided me with a reason to 
take another look at selected questions and/or instructional strategies for further 
modifications. Final review and modifications were made to the entire project. 
Question 22 was reworded for greater clarity, since conflicting requirements were 
identified. The use of calculator was specified as well as estimation. The exact 
calculation component was omitted. Other adjustments were made to the cognitive 
instrument, participants’ manual, and developer’s manual for better alignment and 
consistency. 
Special attention was given to detail, since this was to be the final revision 
made in preparation for full implementation with the largest group of subjects. 
Consequently, wording of many questions were slightly adjusted (in the manuals 
and pre-and post-test documents) for greater clarity. In addition to these 
 95 
 
minor/general changes, I focused on the preliminaries for sections A to E of the 
developer’s manual. Scriptural ideas related to the study of geometry were 
presented in a more learner- friendly mode. These changes were primarily intended 
to encourage greater interaction between instructor and participants, as the 
instructor seeks to engage in the faith integration process. 
The preceding tryouts were used to refine the curriculum in preparation for 
full-scale implementation with the large group. Consequently, each component of 
the curriculum was again revised. The cumulative experience gained during 
previous tryouts enabled the preparation of a more relevant curriculum and a better 
equipped instructor. As a result, I was both optimistic and confident that the 
subjects’ performance on the cognitive post-test would meet or exceed the criterion 
set for mastery. Would I be able to declare the curriculum empirically developed? 
Modification of Affect, Group of 8 
Comparison of the means of the affective pre- and post-tests scores for eight 
subjects revealed a 21.5% difference, and an effect size of 0.903. These values 
indicated that the difference of 21.5% between the post- and pre-test scores was 
important with a large effect. Table 8 shows subjects’ pre- and post-test percentage 
scores on the affective instrument. The percentage difference between post- and 
pre-test scores is also given. 
Step 7: Final Tryout and Analysis, Group of 25 
The final tryout was administered to 25 subjects in three separate groups. The first 
group of 13 was comprised of Pathfinders who were in attendance at the Peterson 
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Warren Academy in Detroit, Michigan. Two of the three sessions were held in 
settings that are different from the regular Pathfinder instructional setting. The 
second group consisted of 7 subjects from the Eau Claire SDA Pathfinder Club and 
the third group of subjects consisted of a combined group of 5 members from Shiloh, 
Illinois, and Gary Night, Indiana, Pathfinder clubs. 
In order to maintain consistency, the materials and instructional delivery were 
standardized for all three groups. Efforts were made also to deliver instruction 
under similar conditions for all groups. For example, adequate lighting, clean, 
organized, and quiet work area, and adequate space for participants to move about 
characterized the instructional setting for each of these groups. 
 
Table 8 
Affective Test Scores of 8 Participants 
_________________________________________________________________________________________________ 
    Post-test 
     Pre-test 
       Subjects       Pre-Test      Post-Test Difference 
_________________________________________________________________________________________________ 
   1 62 82 20 
   2 61 70 09 
   3 50 81 31 
   4 56 81 25 
   5 73 91 18 
   6 57 74 17 
   7 61 90 29 
   8 56 80 24 
Mean 59.5 81 21.5 
_________________________________________________________________________________________________ 
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The cognitive pre-test scores for the final group of 25 subjects was 0% for all 
of the behavioral objectives except 2, 3, 5, 7, 8, and 10. These results suggested that 
subjects were largely unfamiliar with the material and therefore avoided attempting 
these questions. Results are presented in Table 9. 
Twenty-four out of 25 subjects (96%) achieved scores of 80% or better on all 
of the stated objectives on the cognitive post-test. One subject, or 4%, failed to 
achieve the level of mastery prescribed for the G.R.A.C.E. Project. The mean scores 
on the cognitive pre-test ranged from 0% to 14%, and 86% to 100% on the 
cognitive post-test. 
Cognitive Behavior 
The cognitive pre-test was given to participants prior to instruction in order 
to determine entry-level performance. Results indicated that the subjects were 
unfamiliar with the core content of this curriculum. Performance fell short of the 
80% mark on all objectives except objectives 2, 5, and 10. In fact, the overall pre-test 
scores for all subjects fall within the 0-25% range (see Table 9). This level of 
performance provided insights regarding participants’ geometry needs as well as 
the effort required for successful completion of the G.R.A.C.E. Project. 
The cognitive post-test scores for the final group of 25 subjects indicated that 
24 out of 25, or 96%, of subjects did achieve mastery of 80% or higher of the criteria 
on each of the 25 behavioral objectives. The mean scores for the post-test fall within 
the 75-100% range. 
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Results for each behavioral objective (as shown in Table 9) are as follows: 
The mean pre-test score on behavioral objective 1 was 0%. The mean post-
test score was 94, an increase of 94%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 2 was 14%. The mean post-test 
score was 95, an increase of 81%, and 100% of the learners achieved at least 80% 
on the post-test. 
The mean pre-test score on behavioral objective 3 was 8%. The mean post-
test score was 91, an increase of 83%, and 100% of the learners achieved at least 
80% on the post-test. 
 
The mean pre-test score on behavioral objective 4 was 0%. The mean post-
test score was 93, an increase of 93%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 5 was 3 percent. The mean 
post-test score was 98, an increase of 95%, and 100% of the learners achieved at 
least 80% on the post-test. 
The mean pre-test score on behavioral objective 6 was 0%. The mean post-
test score was 96, an increase of 96%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 7 was 1%. The mean post-
test score was 96, an increase of 95%, and 100% of the learners achieved at least 80 
percent on the post-test. 
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The mean pre-test score on behavioral objective 8 was 2%. The mean post-
test score was 100, an increase of 98%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 9 was 0%. The mean post-
test score was 99, an increase of 99%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 10 was 1%. The mean post-
test score was 99, an increase of 98%, and 100% of the learners achieved at least 80 
percent on the post-test. 
The mean pre-test score on behavioral objective 11 was 0%. The mean post-
test score was 97, an increase of 97%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 12 was 0%. The mean post-
test score was 100, an increase of 100%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 13 was 0%. The mean post-
test score was 91, an increase of 91%, and 94% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 14 was 0%. The mean post-
test score was 86, an increase of 86%, and 94% of the learners achieved at least 
80% on the post-test. 
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The mean pre-test score on behavioral objective 15 was 0%. The mean post-
test score was 100, an increase of 100%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 16 was 0%. The mean post-
test score was 96, an increase of 96%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 17 was 0%. The mean post-
test score was 100, an increase of 100%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 18 was 0%. The mean post-
test score was 100, an increase of 100%, and 100% of the learners achieved at least 
80% on the post-test. The mean pre-test score on behavioral objective 19 was 0%. 
The mean post-test score was 86, an increase of 86%, and 94% of the learners 
achieved at least 80% on the post-test. 
The mean pre-test score on behavioral objective 20 was 0%. The mean post-
test score was 92, an increase of 92%, and 94% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 21 was 0%. The mean post-
test score was 99, an increase of 99%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 22 was 0%. The mean post-
test score was 96, an increase of 96%, and 94% of the learners achieved at least 
80% on the post-test. 
 107 
The mean pre-test score on behavioral objective 23 was 0%. The mean post-
test score was 99, an increase of 99%, and 100% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 24 was 0%. The mean post-
test score was 87, an increase of 87%, and 94% of the learners achieved at least 
80% on the post-test. 
The mean pre-test score on behavioral objective 25 was 0%. The mean post-
test score was 96, an increase of 96%, and 100%of the learners achieved at least 
80% on the post-test. The comparatively high percentage score on the post-test 
indicated that even though the curriculum core content was new it was mastered by 
almost all of the subjects. The refining of the instructional product continued even 
after the final tryout. 
Expert recommendations after my dissertation defense led to further major 
revisions. All of the objectives were reworded to be more specific. Question 6 was 
upgraded to specify that congruent shapes were also similar. Questions number 10, 
12, 15 and 20 were adjusted for alignment with stated objectives and to minimize 
confusion.  Question # 20 was further modified to remove ambiguity.  At first it 
suggested that learners should plot points without including the Cartesian plane. 
The final version specifies classification of coordinate pairs mentally in six 
categories rather than the original three categories. 
 The diagram in questions 16 was improved to show missing grid lines and a 
second design was included in question 17 for comparison. Both objective and 
content of questions 13 were adjusted for proper sequencing of geometric 
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statements. Consistency in statement of objectives in table, pre/post-test, criteria 
for test, and in both manuals was also attempted. Also, typographical errors were 
identified and corrected throughout the document during the refining process. 
The changes described in the above paragraph were necessary to ensure 
accuracy and consistency among different components of the instructional product. 
For example, stated outcomes were used to determine the type of questions 
formulated as well as the scope and sequence of instructional materials. 
Modification of Affect, Group of 25, Affective Behavior 
Since learning involves both affective and cognitive components, the Baker 
and Schutz (1971) model framework for instruction links affective behaviors to 
cognitive performance outcomes. Positive affect is desirable, as it helps to produce 
more positive responses to the stimuli of learning. 
Several appropriate strategies were implemented for affect. For example, the 
effort made to establish good rapport with learners builds mutual confidence, 
facilitates effective communication, and creates an environment that is conducive to 
effective learning (Leonard, Bourke, & Schofield, 2004). Therefore an underlying 
assumption of this study is that outcome of the post-test was influenced by affective 
strategies implemented during the instructional product development process. 
Comparison of the means of the affective pre- and post-test scores for 
twenty-five subjects revealed a 22% difference along with an effect size of 0.894. 
These values indicated that the difference of 22% between the post- and pre-test 
scores was important with a large effect. Table 10 shows subjects’ pre- and post-test  
 109 
 
 
Table 10 
Affective Test Scores of 25 Participants 
_________________________________________________________________________________________________ 
    Post-test 
     Pre-test 
       Subjects       Pre-Test      Post-Test Difference 
_________________________________________________________________________________________________ 
  1 40 70 30 
  2 60 72 12 
  3 50 70 20 
  4 50 76 26 
  5 66 82 16 
  6 44 83 39 
  7 58 71 13 
  8 47 74 27 
  9 47 81 34 
10 60 73 13 
11 50 80 30 
12 47 67 20 
13 42 73 31 
14 56 80 24 
15 62 77 15 
16 74 82 08 
17 42 51 13 
18 40 75 35 
19 52 81 29 
20 70 86 16 
21 58 83 25 
22 54 87 33 
23 50 76 26 
24 60 80 20 
25 56 80 24 
Mean 54 76 22 
_________________________________________________________________________________________________ 
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percentage scores on the affective instrument. The percentage difference between 
post- and pre-test scores is also given. 
During the curriculum development delivery process with the large group of 
25 subjects, deliberate efforts were made to enhance positive affect, in keeping with 
the Baker and Schutz (1971) Instructional Product Development Model. 
My actions included but were not limited to those mentioned below: 
1. Highlighting the long-term benefits of a proper foundation in geometry 
during the junior-high-school years 
 
2. Maintaining a high level of enthusiasm while providing instruction 
3. Engaging participants in prayer before each sessions begins 
4. Encouraging peer support toward greater understanding of selected 
concepts in geometry 
 
5. Inviting questions and comments from participants throughout the 
process 
6. Establishing basic criteria for learning environment including: 
(a) clean and well ventilated, (b) adequate illumination, 
(c) uncluttered and spacious, (d) well organized and quiet 
7. Displaying a high level of competence and professionalism 
8. Commending participants liberally for their effort 
9. Emphasizing the high level of success among previous participants who 
completed the G.RA.C.E. Project 
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10. Becoming excited about the aesthetic beauty of a world filled with 
geometric designs and patterns. 
These affective strategies have also been delineated in the administrator’s 
manual. 
It was assumed that the group of 25 subjects was motivated toward the 
learning of concepts in geometry. The learners demonstrated much enthusiasm; 
they willingly assisted each other, and expressed appreciation for the meaningful 
activities. The classroom climate was affirming and all subjects seemed to enjoy 
their new experience with geometry. I observed that they became very articulate 
when pointing out inconsistencies or identifying areas that were a bit confusing at 
first. 
 
Engaging a first course in geometry could have been overwhelming for any 
group of middle-graders; however, the learners were attentive, interested, and 
cooperative. As a result, ideas and concepts that would be otherwise difficult to 
grasp were readily absorbed. This may be attributed partly to the adjusted 
sequencing of topics and a consistently clear, simple pattern of instruction. 
This study assumes that the modification of affect played an important role 
in participants’ cognitive mastery of selected concepts in geometry, as indicated by 
the cognitive post-test results. Perhaps it also contributed to participants’ renewed 
desire for the continuing study of concepts in geometry. 
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Summary 
The empirical development of a geometry curriculum for junior-high-level 
Pathfinders required systematic planning, testing, and revisions, utilizing the input 
of three groups of subjects. Comparison of pre- and post-test scores, written 
feedback, and verbal suggestions were used as a basis for repeated revision and 
modification of all components of the curriculum during its developmental stages. 
Mastery of the 25 performance objectives was achieved at the 80/80 level 
prescribed for the G.R.A.C.E. Project. Simultaneously, positive modification of affect 
was also in progress. 
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CHAPTER 5 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The chronic lack of achievement in mathematics nationwide has raised 
concerns throughout the United States (Darling-Hammond, Holtzman, Gatlin, & 
Heilig, 2005). This heightened awareness of the importance of mathematics to 21st-
century survival resulted in renewed effort among stakeholders to implement 
corrective measures. Response at the national level resulted in the No Child Left 
Behind (NCLB) Act and its related innovations. Following the No Child Left Behind 
Act of 2001, national attention was turned to after-school programs' potential to 
supplement academic learning (Huang, 2006). Response at the state level resulted 
in the modification of the mathematics curriculum in terms of prescribed standards 
and benchmarks (Marzano, 2003). Response at the local/district level focused 
mainly on: teacher preparation, effective teaching strategies, standardized testing, 
and student achievement. Despite all of this effort, consensus has been reached 
among many school districts that the K-12 system could not alone address all the 
needs; hence, there is necessity for a supplement that is specifically designed to 
support K-12 efforts (Lauer et al., 2006). 
The current emphasis on performance standards and testing has led schools 
to look to the after-school hours as time that can be spent developing children's 
academic skills (Harvey & Shortt, 2001). Research shows that out-of-school time 
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(OST) programs can increase educational equity by (a) providing socio-
economically disadvantaged youth with comparable experiences to their more 
affluent peers, (b) fostering high expectations from adults other than school 
teachers, and (c) enabling participants to develop “new basic skills” such as literacy, 
numeracy, teamwork, and problem solving (AYPF, 2004). Durlak and Weissberg 
(2005) underscored findings of several other researchers that after-school 
programs not only impact achievement in reading and mathematics, but also 
promote important personal skills. Further, they proposed the following list of 
additional benefits: (a) improving youths’ feeling of self-confidence and self-esteem, 
(b) school bonding (positive feelings and attitude toward school), (c) positive social 
behaviors, (d) improving school grades, and (e) increasing achievement test scores. 
Pathfinder clubs are well established out-of-school time (OST) programs. 
They provide children with opportunities to develop skills and interests in activities 
such as arts and crafts, science, reading, and a range of outdoor-type learning 
experiences. Programs’ focus on participants’ holistic development included a 
spiritual dimension. Interviews with many active members of the Pathfinder clubs 
revealed that they were performing poorly in math and would benefit from 
additional instruction in mathematics. The purpose of this study was to develop an 
instructional product in the form of a geometry curriculum for seventh- to eighth-
grade-level Pathfinders of the Lake Union Conference of Seventh-day Adventists. 
This product, the Geometry in Real-life Application Curriculum Experiences 
(G.R.A.C.E.) Project provides a needed resource that if rightly implemented could 
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increase enrollment in the Pathfinder program, build participants’ self-esteem, and 
improve math achievement for all club members. 
The G.R.A.C.E. Project specifies instructional content, material, and teaching 
activities. It also specifies assessment criteria and instruments. This project was 
undertaken in response to the existing need for an instructional product that is 
specifically tailored to address the mathematical cognitive development needs of 
seventh- and eighth-grade-level Pathfinders of the Lake Union Conference of 
Seventh-day Adventists. 
The process of developing this curriculum utilized participants’ input from 
different groups of an increasing larger number of subjects. This teamwork engaged 
in between participants and instructor created a source of first-hand information 
that was needed to establish relevance of the curriculum. 
Literature Review Summary 
Information pertinent to the focus of this research project was selected from 
a variety of sources, organized, and presented in chapter 2. Below is a concise 
account of the main issues addressed. 
The promise of equal and quality education for every child, as specified by 
the U.S. K-12 education system, was never delivered for 130 years. Fullan (1993) 
and Ralston (2005) remind us of the enormous challenges faced by the public school 
system, despite the efforts made to improve at all levels. Confirmation of the existing 
crisis, especially in mathematics and science, has been upheld by results from 
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several international comparison studies. Particular attention was given to 
mathematics and science achievement at the junior-high-school level. 
As a result of this crisis, there is an increasing trend among school districts 
toward the recognition of supplemental education programs. Unique circumstances 
have given rise to the proliferation of out-of-school time curricula all across the 
United States (AYPF, 2006). 
These programs have proven to be highly effective, in terms of improved 
participants’ educational achievement. Some features of OST programs include: 
emphasis on hands-on learning, interactivity, constructivism, and a variety of group-
learning initiatives. Some programs address remediation needs of young people in 
specific subject areas whereas others focus on development of individuals’ self-
esteem, positive behaviors, or strategies for improving test scores. Durlak and 
Weissberg‘s (2005) analyses of 73 after-school programs support the overall claims, 
among researchers, of higher academic achievement and improved self-esteem and 
confidence among youth. The SDA Pathfinder clubs, like Boy Scouts and the YMCA, 
are a traditional OST program that provides a wide range of practical and academic-
type activities for club participants. This geometry curriculum will add to these 
resources. 
Understanding the theoretical foundations of curriculum is indispensable, if 
the developing curriculum is to find its unique spot in the field of knowledge. For 
example, Bobbitt (1918) and Tyler (1949/1986) are well-known foundation 
curriculum theorists whose works influenced later theorists such as Glasser (1998), 
Taber (1962) and Baker and Schutz’s (1971), whose model is being utilized in this 
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study. Still, later theorists including Naden (1992), Gregor (1996), and Bailey (1997) 
have interpreted, adjusted, and used Baker and Schutz’s (1971) instructional 
product development model in the development of specialized curriculum in their 
field. 
Five variations of subject-area-focused curricula found, in the literature, 
emphasize the what of curriculum, whereas four instructional approaches along 
with their philosophical peculiarities focus on the how of curriculum. The student-
centered approach, on the other hand, seems to be more concerned with the who 
associated with curriculum. Pertinent literature related to this study identifies two 
methods of organizing curriculum-subject- and student-centered approaches. 
Elements of the humanistic worldview of famous curriculum theorists such as John 
Dewey, Carl Rogers, and Abraham Maslow are supported by Burton (1970) who 
thinks that curriculum ought to be related to students’ personal growth, feelings, 
and happiness. However, he is cognizant of what Anderson (2004) refers to as the 
component that is omitted--the Theistic view--a view that presents God as the 
Creator of humankind. White (1952) advocates a more perfect curriculum, based on 
the authority of the Holy Scriptures. She pioneered the Seventh-day Adventist 
Christian Education Model, which focuses on learners’ symmetric development. 
Math Standards and Focal Points 
In response to the equity crisis, the No Child Left Behind (NCLB) Act was 
signed into law, and the U.S. K-12 education system became largely standard-driven. 
The NCTM revised the traditional mathematics curriculum, and prescribed content 
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and guidelines for instruction and assessment. This initiative brought into existence 
the Mathematics Education Reform Movement which was based on the proposition 
that a mathematics curriculum should reflect what is important for the future and 
include advances in technology (Reys, 2002). As a result, students were allowed to 
use calculators, graphing calculators, and other available technical tools to assist 
them in solving math problems quickly and efficiently (p. 2). Further concerns 
regarding the relatively poor performance of U.S. students (when compared to 
students of other industrialized countries) led to the development of curriculum 
focal points by the NCTM. The intent was to facilitate students’ mastery of contents 
by objectives while covering fewer topics in greater depth (Reys, Lindquist, 
Lambdin, & Smith, 2007). 
Theorists: Their Influence on Math Education 
Since mathematics competency development is a cognitive process, the 
planning, structure, and delivery of this curriculum conforms to a framework from a 
variety of theoretical perspectives. Jean Piaget’s famous theory of cognitive 
development classifies cognition into the following four stages of increasingly more 
sophisticated modes: Pre-operational, Sensory-motor, Concrete-Operational, and 
Formal-Operational. 
Similarly, Jerome Bruner demonstrated a unique understanding of the 
thought processes which he divided into enactive, iconic, and symbolic skills. He 
believed that knowledge is most effectively gained by personal discovery and was 
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able to apply scientific rigors to unobserved mental process as was done by 
behaviorists on observable, measurable responses. 
Vygotsy’s constructivism appears to be consistent with Jerome Bruner’s 
works as well as Dewey’s (1916/1997) problem-based instruction. It is a view of 
learning in which learners create understanding from their own experiences. 
Children are allowed to learn by actively interacting with their environment. This 
theory has implications for middle- and junior-high-school learners who, of 
necessity, need to shore up their foundation in lower-level skills in preparation for 
more advanced math applications. 
Ellen White introduced a new perspective into the conversation. Her holistic, 
Christ-centered approach to curriculum delivery diverted significantly from the 
more behaviorist, scientific models. Foundation theorists such as Bobbitt (1918), 
Tyler (1949/1986) and Taba (1962) agree with White’s (1903) idea that the 
primary function of curriculum should develop the learner’s power to think rather 
than be mere reflectors of the thoughts of others. In essence, White believed that 
when faith is combined with reason it creates a more balanced approach. Her claim 
transcended any pedagogical basis, but Schwarz (1979) noted that she impacted 
educational thought for more than a century and provided evidences of scriptural 
and inspirational authority. 
Mathematics Achievement 
The increasing awareness of the positive impact of math achievement on 
personal and societal development, in a borderless world, is evidenced by the 
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number of mathematics and science-related studies that were recently done. In 
addition, several international organizations (including IAEEA, SIMSS, and TIMSS) 
have conducted comparison studies since the early 1960s. Results consistently 
indicated comparatively poor performance or marginal progress in selected areas. 
However, a recent topical analysis by Ginsburg et al. (2005) confirmed several 
previous reports that progress has not been made in the areas of geometry and 
measurement. 
Several math and science curricula, at the middle- and high-school levels, 
have been recommended by Clewell et al. (2005) based on their potential for 
increased student achievement. Details regarding the functioning of these curricula 
may be understood in terms of selected best practices that have been aggressively 
implemented by visionary educators. Examples of these curricula include: Direct 
Instruction (DI), which focuses on mastery based on the division of complex 
constructs into their component parts. The Integrated Mathematics, Science, and 
Technology program (IMaST) promotes hands-on learning by implementing the 
constructivist approach that involves active student participation. Also, the National 
Council of Teachers of Mathematics (NCTM) Standards places considerable 
emphasis on conceptual understanding, problem solving, and the constructivist 
pedagogy. Students are encouraged to experiment, investigate, ask questions, 
reflect, and communicate their ideas and conclusions. The standards also seek to 
bridge the performance and achievement gaps between the U.S. K-12 students and 
the rest of the world. 
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John A. Van de Walle (2004) emphasized the need for systematic geometry 
instruction for middle-school students. The hierarchy of geometry understandings 
proposed by this theorist detailed the following five levels of learning: basic single 
shape recognition, recognition of classes of shapes, recognition of properties and 
relationships among these properties, producing and examining conjectures, and 
understanding deductive axiomatic systems for geometry. This framework is 
intended to provide context but does not prescribe what to teach. 
Seventh- to Eighth-Grade-Level Geometry Achievement 
The importance of bridging the achievement gap in mathematics cannot be 
overstated. This study seeks to provide an adequate foundation in geometry as the 
basis for future success in mathematics. Studies support engagement of middle- 
school students in gateway courses as a prerequisite for higher achievement later. 
NCTM Standards emphasize the importance of adequate geometry in Grades 5-8. 
Geometry allows for a variety of practical applications in the real-world setting. 
Burton (2003) believes that conceptual understanding gained through the use of 
manipulatives may be the key to bridging the gap between meaningless practices 
and effective learning. A study by the U. S. Department of Education (1997) found a 
71% to 29% college enrollment rate among low-income students who took 
geometry and algebra and those who did not. The Van Heile (1986) model 
recommends a linking of geometric concepts and understandings on a continuum 
from simple concrete to more abstract levels by the eighth grade. 
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Curriculum Design: Relevance for the 21st Century 
The Baker and Schutz (1971) model establishes its roots in prior established 
models. Its design allows for flexibility without compromising key elements of 
designs that are enduring. Several later researchers found this model very useful in 
developing curricula in their chosen fields of interest. I agree with Bailey (1997) 
that since the Baker and Schutz (1971) model facilitated the works of many 
curriculum developers, it was unquestionably relevant in the late 1990s. A recent 
study by Fauser et al. (2006) identified specific content and objectives, instructional 
design, and instructional product as being important. Their System-Oriented Model 
which appears to be an adjusted version of the Baker and Schutz (1971) model, 
which is also relevant today in terms of Akker et al. (2007) who describe a relevant 
curriculum as one that is carefully examined and tailored for the context and culture 
in which it is to be implemented. 
Method 
Results from both national and international comparison testing, which 
began during the early 1960s, brought about an awareness of the magnitude of the 
crisis in math and science in American schools. In response, curriculum developers 
became more systematic in their emphasis on accountability both in the 
development and delivery of curriculum (Tanner & Tanner, 1987). The Baker and 
Schutz (1971) Instructional Product Development Model was organized as part of 
the trend in curriculum development that started in the 1960s. During the decades 
of the 80s and 90s this approach became very popular, and this was evidenced by 
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the number of published articles and papers relative to this methodology. Even 
though the popularity of this method declined (Pratt, 1994), the Baker and Schutz 
(1971) method maintained its advantages of strict designer and instructor 
accountability and the conceptualization of the curriculum as developed as a team 
initiative involving learners and instructor. 
This study utilized elements from at least four variations of the Baker and 
Schutz (1971) model which consists of the following seven steps: (a) Product 
Formulation, (b) Instructional Specification, (c) Item Try-out, (d) Product 
Development, (e) Product Tryout, (f) Product Revision, and (g) Operations Analysis. 
Naden (1992) proposed a 10-step version of the Baker and Schutz (1971) model 
which he reorganized into the following steps: (a) The Learner, (b) The Topic, (c) 
Behavioral Objectives, (d) Pre- and Post-test Questions, (e) Criteria for Evaluation, 
(f) Lecture Outlines, (g) Item Try-out, (8) Revision, (h) Product Retesting, and (i) 
Final Tryout and Analysis. While Selmanovac (1996) and Gregor (1996) developed 
instructional products using the Naden (1992) 10-step version, Bailey (1997) 
maintained the original 7-step format. It is to be noted that the Baker and Schutz 
(1971) model allows for some flexibility as long as the modifications maintain the 
key components of the model. 
In keeping with the primary purpose of this research project, the seven-step 
model proposed by Baker and Schutz (1971), and adopted by Bailey (1997), was 
chosen. The first step was identifying the learners. Then, the topic was selected, 
followed by the formulation of 25 behavioral objectives. The preparation of items 
for the pre- and post-test inventory, along with evaluation criteria, was also 
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completed. Acceptable performance for the G.R.A.C.E. Project was set at the 80/80 
level; meaning that mastery is achieved only when 80% of the learners score at least 
80% of the criteria for each of the 25 objectives on the cognitive post-test. Specific 
strategies were implemented to promote positive effects toward mastery of these 
objectives, which are listed in chapter 3 in the “Methodology” section. I proceeded to 
outline the contents of both developer’s and participant’s manuals. Appropriate 
materials needed for hands-on activities and on-the-spot research was also selected. 
The product was exposed to groups consisting of 2, 4, and 8 subjects (from 
the target population). Participants were allowed to share their opinions or give 
suggestions regarding any aspect of the program. The input from each group was 
used to modify the product. The revision process continued for all tryout sessions. 
Finally, the curriculum in its polished stage was administered to a sufficiently large 
group of 25 subjects to allow for statistical analysis of the results. 
Scores for both affective pre-and post-test for all four groups of participants 
were documented and converted to percentages. Pre-and post-test means were also 
calculated for comparison. Also, effect size for each of the four participating groups 
was calculated using the formula “n2 = t2 /( t2 + df). 
Findings 
The primary purpose of this study was to empirically develop an 
instructional product designed to provide Pathfinder participants in the Great Lakes 
area with an adequate foundation in geometry. I engaged 39 Pathfinder members 
from the target audience in the G.R.A.C.E. Project. Of these learners, 14 were 
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involved in three tryouts and 25 in a full-scale implementation with a polished 
version of the curriculum. The process generated understandings that were 
evidenced by the outcome--a product in the form of an empirically developed 
curriculum and groups of young people who not only increased their understanding 
of geometry concepts but have also produced the evidence. 
First, the product was justifiable only in terms of the established need for it. 
Prior to the planning stage of this project, the need for an instructional product in 
mathematics was established by means of interviews. Pathfinder leaders, 
conference officials, and club members believed that there was an urgent need for a 
mathematics component to upgrade the Pathfinder program. Review of available 
literature and web inquiries confirmed this need as well. Second, the course must 
first be charted before embarking on the journey. Therefore, the formulation of 
behavioral objectives was very crucial. The third understanding was the pivotal role 
of subjects’ input in the perfecting of a subject-friendly product. The repeated 
revision of the product was done in terms of feedback from all participants. Field-
testing of the product gave legitimacy to the project. Practical work done with the 
youth in their natural learning environment generated a context-rich understanding 
of learning behaviors. 
On the cognitive pre-test, all participants in all three tryout sessions failed to 
achieve mastery on most of the 25 objectives. Such performance was expected, since 
the subjects were being exposed for the first time to a formal geometry program, 
and their understanding of concepts in geometry was limited. On the same post-test, 
one of two subjects achieved 80% or greater on all 25 objectives in the first tryout. 
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The difference between post-and pretest  means on the affective exam was 16%.  
Three out of four of the subjects (from the second group) scored 80% or greater on 
the cognitive post-test. This performance indicated an increase over the previous 
group, and there was a mean difference of 24% between the affective post-and pre-
test. For the third group of 8 subjects, seven (87.5 %) of subjects achieved mastery 
on the cognitive post-test. A 21.5% difference between the affective post-and pre-
test was also documented. A moderate effect size was found for the first group and a 
large effect size for the second and third groups. 
The preliminary revisions of all aspects of the curriculum followed the seven 
systematic steps of the empirical development process. And the stage was now set 
for a more effective curriculum delivery with the final group of 25 subjects. Mastery 
was achieved by 24 of the 25 (96%) of the combined group of Pathfinder 
participants from the Ypsilanti, Eau Claire, Gary Night, and Shiloh clubs. Results of 
the cognitive post-test indicated that 80% or more of subjects, who completed the 
G.R.A.C.E. Project, scored 80% or greater on each of the 25 objectives. This gave 
indication that the empirical development process was now completed.  
I observed that each successive group of subjects made greater progress as 
the instructional product developed. Participants’ input as reflected in successive 
curricular revisions was found to have a cumulative positive impact. As a result, the 
impact of intervention on subjects’ attitude/interest in geometry was indicated by 
increasingly larger measures of effect size. Finally, the full-scale implementation of 
the project with the largest group yielded a result that exceeded the standard set for 
mastery. 
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Discussion 
Curriculum lies at the heart of an educator’s desire to make a difference in 
human lives. “To ask meaningful questions about what should be taught and learned 
invokes basic assumptions about what it means to enable the growth of human 
beings and society” (Marshall et al., 2000, p. 2). This study brought me into contact 
with some of the most critical issues related to teaching and learning. It was the 
combination of instructor-participant actions and interactions that guided the 
process which ended in the desired outcomes-evidences of effective participants’ 
learning and an empirically developed instructional product. Moreover, selected 
understandings were generated as I engaged in the planning, structuring, delivery, 
assessment, and evaluation processes. Major findings presented below are 
discussed in terms of the theoretical framework for this study and evidences found 
in the literature. 
The lack of a needed resource (namely a geometry curriculum) to assist 
Pathfinder club members in developing competence in mathematics indicated that 
there was room for improvement. This need was also the basis of my justification 
for the development of a new product. The model used for this project stipulated the 
confirmation of a specific need for the product as the number one criterion for 
instructional product development. During the introductory phase of each tryout, 
subjects’ responses on the pre-test provided evidences that these young people 
were lacking basic skills and understanding in mathematics, which was consistent 
with previously released national and international studies (Crosswhite, Ginsburg et 
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al. 2005; Jenner & Jenner, 2007;[PISA], 2003/2006; 1985; Silver, 1998; TIMSS, 
1995). 
I also discovered that participants’ input was critical to the fine-tuning of the 
curriculum. It provided another perspective- that of the learner - which is most 
important. Participants’ input helps to promote a common language that is more 
easily understood by instructor and learner alike. It also helps to establish 
partnership and ensure curriculum relevance. These features are consistent with 
current research-based practices which promote a high standard of performance 
that is evidenced by high mathematics achievement (Kilpatrick, Swafford, & Findell, 
2001). 
Many transformations in students were observed during the curriculum 
development process. For example, I detected contrasts during the before-and-after 
phases of the project. Participants discussed their uncertainties to begin and their 
confidence later. Contrast was also evident in the pre- and post-test scores. The 
overall frail attempt on the pre-test accelerated to mastery of concepts at the end. 
The high level of success achieved by these learners may be attributed to 
participants’ roles in the curriculum development process. In other words, 
participants responded favorably to the stimuli of learning, which they themselves 
helped to create (Loke, Wong, & Kan, 1999). 
This experience also increased my understanding of the critical importance 
of field-testing in the development of what may be regarded as the relevant 
curriculum. First, the pre-instructional inventory allowed me to determine the 
competence level of each participant in the subject area. Then, participants’ learning 
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was observed and monitored in their natural ecology. I discovered that similarities 
and differences among groups are determinants of the scope and design of the 
instruction; meaning, that there is no effective one-cut-fits-all teaching strategy. 
Hence, teaching strategies implemented for this project were designed to help each 
participant perform to the best of his/her ability. For example, whereas one student 
understood the concept of volume by simply listening to the explanation and joining 
in the discussion, her peer seemed confused. So, I engaged the perplexed student in 
measuring the dimensions of the cube and multiplying the three values to get a 
product. A third child was asked to join me in stocking and counting cubes in order 
to arrive at the correct understanding of the concept of volume (Burton, 2003; 
Silver, 2002; Usiskin, 1995; Vandewalle & Folk, 2008; Sherman, Richardson, & Yard, 
2005. 
It was the pre-instructional inventory that gave the first credible signal 
regarding the quantity and quality of work and the energy output needed to help 
subjects achieve mastery on the post-test. The curriculum became relevant only 
when each participant (regardless of learning style) benefited in the context of their 
natural learning environment (Bransford, Brown, & Cocking, 2000; Gardner, 1993; 
Silver, Strong, & Perini, 2000). 
The framework used in the development of the instructional product for this 
study included the necessity to pinpoint individuals’ needs. Sometimes young 
people prefer to fake success and get lost in the group rather than to admit that they 
do not understand something. This understanding was helpful as I focused on the 
type of practices that were most helpful in assisting the young people in the learning 
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process. Research-based practices include paying special attention to the individual. 
This may be due to the assumption that individuals possess different strengths and 
weaknesses. Individuals also respond favorably to affective behaviors that are 
intended to support, encourage, compliment, and affirm. In fact evidence exists in 
the literature in favor of the correlation between participants’ positive cognitive 
outcomes and instructors’ affective behaviors (Sakiz, 2007; Turner & Patrick, 2006; 
Wilkins & Ma, 2003). 
A noteworthy observation was the performance trend of the groups of 
subjects. The progress made was in direct proportion to the development of the 
instructional product. In other words, as the product improved so did the 
performance of participants on the post-test. It was the various modifications at 
each stage of the development process that helped to shape the product into a more 
relevant curriculum. Thus, the major finding of this study was that it is possible to 
create curricula that help students master geometric concepts (Kember, Ho, & Hong, 
2008; Soslau & Yost, 2007). 
The impact of educational intervention on group test scores should be given 
some consideration. Howell recommends that reports should “go beyond simple 
significance testing to some measure of effect size” (Howell, 2002, p. 110). The 
modest effect size for the first group of subjects was important, even though the 
measure was not statistically significant. The effect size indicated a measure of 
change or impact, which suggested that the subjects made some improvement in 
their attitude/interest toward the learning of geometry concepts as a result of the 
instruction. The large effect size for the second and third groups suggested that 
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significant modification was made in subjects’ attitude/interest as well. This level of 
achievement was consistent with improved scores on the cognitive post-test. 
For the largest group of 25 subjects, the modification of affect was large. This 
significant improvement in attitude and interest toward understanding of geometry 
concepts may be attributed to selected affective traits which were demonstrated by 
the teacher as subjects were actively engaged in the learning process (Marsh, 2000; 
Raymond, Goodwin & Niles, 2005). 
Recommendations 
1. Based on my confirmation of the existing need for a workable knowledge 
of geometry among Pathfinders and the absence of available resource to address 
this need, it is suggested that this empirically developed curriculum, “The G.R.A.C.E. 
Project: Making Meaning and Applications,” be made available for review and 
adoption by the executive body of the Seventh-day Adventist Pathfinder 
Organization of the Lake Union Conference. 
2. Since one of the primary intents of current educational research is to 
improve products and practices, it is being recommended that this instructional 
product be further modified to include more extensive practice exercises to meet 
the needs of participants and instructors who may choose to engage this curriculum 
on an adjusted schedule that is more convenient. 
3. This product was prepared primarily for its target audience, in keeping 
with educational research protocol; therefore, it is recommended that modifications 
of contents and format of the G.R.A.C.E. Project be done prior to the delivery of this 
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curriculum to participants who do not fall within the 12-14 year-old age group or 
meet the criteria specified. 
4. It is recommended that the items prepared for this curriculum be utilized 
in the training of potential instructors in the Pathfinder program who will 
coordinate the program of instruction for seventh- and eighth-grade level 
Pathfinder participants. 
The test items developed for this project were specifically designed to 
measure subjects’ mastery of geometry concepts within a specified time frame. 
Thus, the modification of this instructional product for regular instructional settings 
would require the development of a modified test that may be different from those 
for this study. 
I believe that if the above recommendations were to be implemented, this 
would lead to significantly: 
1. Better understanding among Pathfinder executives of the cognitive 
development needs of club members, as they observe its positive impact on their 
level of achievement, self esteem, and attitude toward geometry. 
2. Improved overall achievement and confidence in geometry among junior 
high-school-level Pathfinder participants. 
3. Enhanced geometry readiness skills among Pathfinder participants at all 
three levels (5-6, 7-8, and 9-10). 
4. Enhanced instructional skills and geometry awareness of program 
coordinators of seventh- and eighth-grade-level Pathfinder programs. 
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Suggestions for Further Study 
This study was highly specialized focusing on the empirical development of 
an instructional product to facilitate the intellectual development of seventh- and 
eighth-grade-level Pathfinder participants. However, the development process has 
revealed several other needs that were either beyond the scope of this study or 
were not addressed in the study. Therefore, some areas that need further study are 
suggested below. 
1. Research clearly indicates the dynamic nature of curriculum work. 
Therefore, a study to critically examine each component of the G.R.A.C.E. Project and 
suggest improvement may serve to enhance its effectiveness, in an evolving 
educational climate. 
2. Now that an appropriate instructional product has been developed for 
Pathfinders, a study that utilizes random sampling techniques with large sample 
sizes may yield important data regarding general usability of the product. 
3. Even though the short-term (less than 2 months) impact of the G.R.A.C.E. 
Project on participants’ understanding of interest in geometry was high, there was 
no opportunity to assess participants’ long-term retention, which is even more 
desirable. A study to compare participants’ level of retention of geometry 
understanding after 1 year could further confirm the program’s effectiveness. 
4. Follow-up studies to compare participants’ level of geometry 
understanding in the medium- and long term (that is after 3 and 6 years) could also 
serve to provide empirical data which are indispensable to future curriculum 
development initiatives. 
 134 
6. A follow-up study to determine participants’ perception of the impact of 
seventh- and eighth-grade-level geometry on upper level geometry/mathematics 
achievement could serve to verify research findings which attribute future 
achievement in mathematics to the mathematics foundation laid earlier.
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DIARY OF THE PROCESS 
The interplay of many subjective factors impacts the development of an 
instructional product. For example, personal perceptions related to the empirical 
development process are important. This diary gives an account of my personal 
experiences during the process. It is intended to give readers of this dissertation an 
overview of what transpired “behind the scene” during the period of December, 
2007 to April of 2008. 
Some factors that influenced the development of this curriculum include: 
1. My personal satisfaction with the benefits gained over the years, as a 
student as well as an instructor in mathematics. 
2. The continuing appeal, among researchers and educators alike, for the 
preparation of a more numerate work force, by 21st century standards. 
3. My passion to underscore the theoretical perspective of many educators 
who maintained that alignment of the curriculum as planned with the curriculum as 
taught and the curriculum as tested constitutes the formula for satisfactory overall 
learner achievement. 
4. The potential of a geometry curriculum for broader integration of faith 
and learning. 
5. The satisfaction that comes with knowing that through this medium, 
many learners, today and for years to come may be guided in the right direction. 
I became aware of personal deficiencies in matters related to development of 
a formal curriculum, and was determined to learn the art of developing one. Of the 
various curriculum development models reviewed, the Baker and Schutz (1971) 
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model appeared more developer-friendly and realistic. This method prescribes the 
details, allows for some flexibility, and utilizes the cooperative effort of participants 
and instructor in the empirical development process. Also, to maintain balance, the 
method combines both process- and product-oriented approaches. 
Clearly stated performances, in the form of behavioral objectives, gave 
direction regarding choice of instructional materials, teaching methodology, and 
relevance of test items. The tendency to create an overload for the learners became 
a real challenge. However, I have learned to organize, limit, and deliver curriculum, 
in terms of the assessed needs of learners rather than my own perceptions. This 
understanding prepared me for the ups and downs that were later encountered. 
With much encouragement and suggestions from my colleagues, dissertation 
committee members, and my advisor, Dr. Larry Burton, I developed the initial 
instrument for the modification of affect. It turned out that the final draft was vastly 
different than the original, but the changes helped me reflect on the importance of 
the affective domain. Thus, personal factors such as confidence, sense of worthwhile 
accomplishment, healthy perception of the value of a task, and the making of 
meaning for all learners, are critical factors related to higher academic achievement. 
And when educators give attention to these variables, they are likely to be more 
effective in the discharge of their duties. 
First Tryout – December 7, 2007 to January 9, 2008 
The first two subjects were females from the All Nations Pathfinder club. 
Both girls attended local public schools and indicated that they were interested in 
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learning more skills in geometry. I discovered that the mother of one of the subjects 
was a student whom I taught mathematics in high school during the late 1980s in 
Jamaica. Planned sessions were initially arranged for Sundays between the hours of 
10:00 am and 12:00 noon, but I soon learned there was a conflict with the regular 
Pathfinder program. Frankly, I became immediately frustrated with what I 
perceived as disregard for attention to matters of greater importance. Nevertheless, 
I gained the confidence to renegotiate for Tuesdays from 7:00 pm to 8:00 pm. We 
began the first session with prayer, followed by the administration of the pre-tests. 
Then the fear of the unknown became real. Both subjects seemed 
overwhelmed by the volume of work to be completed. As a result, I documented the 
first comment: “This thing is confusing.” This statement alluded to what my real task 
was going to be, if in fact I was to achieve my noble ambition of motivating learners 
toward the successful completion of the G.R.A.C.E. Project. I made the necessary 
corrections immediately, gave a positive comment, and thanked the subject for 
beginning to assist with the development process. On other occasions the subjects 
pointed out mistakes which I had overlooked, much to my dismay. For example, 
during the third session it was pointed out to me that I presented a pentagon and a 
hexagon as similar shapes. Again adjustments had to be made. However, I was 
determined to maintain high enthusiasm, and a positive attitude throughout the 
process. In addition, post-dismissal feedback was very helpful. 
The final session included comprehensive review of content to be tested. 
Next, the cognitive post-test was administered followed by the cognitive affective 
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post-test. Both subjects expresses confidence in the level of competence developed 
and demonstrated. And post dismissal comments in general were very helpful. 
Second Tryout – January 10 to February 13, 2008 
The second tryout with the modified product was met with even greater 
challenges. Most subjects were not available during the time scheduled for the 
project. However, I managed to negotiate a more condensed schedule that would 
allow subjects to complete the program in 4-5 sessions instead of the previously 
intended 7 sessions. So I began with a group consisting of two boys and two girls 
from the South Bend Seekers Pathfinder club. These learners seemed particularly 
intrigued by the promise of much learning and follow-up instructor support. Parents 
were very cooperative to have all participants delivered on time for each session. 
One strength of this tryout was the standardization of instruction. Every 
learner participated based on guidelines presented in the administrator’s manual. 
However, I did not allow this to stifle creativity. The subjects continued to make new 
discoveries of my curriculum development inexperience. Some test items, for 
instance, were a bit ambiguous while others were “overloaded.” I soon discovered 
that it was the repeated “embarrassment” that created the conditions for 
improvement. My authority was not only challenged by these junior high level 
participants, it was shared. Then I began to understand how vulnerable I became, 
and that it was alright to wear the hats of a humble learner and an effective 
instructor simultaneously. 
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There were times when I felt a bit frustrated but I made every effort to find 
the source of my frustration. It could possibly have been the learner’s or instructor’s 
attitude, the schedule, the questions, or the mode of instruction. Whatever the case, 
adjustments were regularly made to different components of the curriculum to 
make it more learner-friendly. Also, I experienced a sense of satisfaction when 
subjects made repeated positive comments. They expressed appreciation for the 
ease with which they were able to grasp geometry concepts which could otherwise 
be a source of frustration. These comments, in many ways, indicated the possibility 
of the completion of another successful tryout. 
Third Tryout – February 15 to March 12, 2008 
The third group of eight participants was engaged in another tryout with the 
entire modified product. I became conscious of the fact that this was our last effort 
to “perfect” the curriculum before its final testing on a large group. So, I was careful 
to stick to the practices which proved to be most helpful. For example, I often asked 
learners if they needed a break when they seemed most excited about what they 
were doing. I became pleasantly surprised when they unanimously chose to 
continue on task. 
One observation that seemed to occur throughout these sessions was 
subject’s failure to respond to cognitive pre-test items. There seemed to have been a 
“universal” geometry phobia at the beginning of each tryout. A small number of 
subjects attempted to respond to as many cognitive post-test questions as possible. 
Still, the results at best were marginal. However, the intervention elicited more 
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positive comments and suggestions for modification of test items number 1, 3, and 
22. 
The subjects were not only learning; they were making their contribution to 
the refining of the curriculum for its final implementation in the empirical 
development process. Their spirit of cooperation was encouraging. At the 
conclusion of the post-tests I expressed confidence in their ability to succeed and my 
appreciation for their spirit of generosity. 
Fourth Tryout – March 15 to April 20, 2008 
First Part 
Implementation of the curriculum in its polished form was anticipated to be 
my most exciting presentation, but the challenge to bring together twenty-five 7-8 
level Pathfinder club members in one place was unbeatable. Since this was only a 
remote possibility, given that some clubs have very few 7-8 level members, I was 
forced to arrange to meet with separate groups in Eau Claire, Detroit and Chicago. 
The sessions in Eau Claire consisted of seven subjects- all of whom are students at 
the SDA elementary school. The Baker and Schutz (1971) Instructional Product 
Development model controls for gender bias by focusing on group size rather than 
gender ratio comprising the group. 
I was satisfied with the status of the curriculum after repeated revisions. The 
first seven of 25 subjects engaged the curriculum in similar manner as the previous 
tryout sessions. Cognitive and affective pre-tests were administered, collected, and 
secured. Content delivery during the planned sessions proceeded as expected. The 
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lack of confusion was a function of the repeated revisions over several months. I 
realized that guidelines for the implementation should be carefully followed. The 
standardization of instruction for all three groups comprising the group of 25 
subjects would be necessary for consistency and relevance. 
I learned that certain characteristics are common to different groups that fall 
within the 12-14 age range. For example, if they get their questions answered and 
find a task meaningful, their level of motivation soars and high achievement 
becomes an attractive option. On the contrary, confusion and perceptions of 
meaninglessness associated with academic tasks inevitably leads to discouragement 
and failure. 
Second Part 
The curriculum was also implemented with 13 subjects from the Yipsilante 
SDA church Pathfinder club. Standard procedures guided the process. First, I 
detailed the plan with special emphasis on the benefits associated with the GRACE 
Project. Again, all activities were carefully coordinated, but I learned that without 
some level of creativity and the instructor’s emphasis on affective variables, mastery 
of curriculum cannot be guaranteed. I also learned that effective communication and 
thorough preparation pay large dividends. Participants engaged the GRACE Project 
with a high level of enthusiasm. Again the impact of the revision process was 
evidenced by what appeared to be a more learner-friendly product. As a result, I 
was pleasantly surprised with the level of cooperation among subjects during the 
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intervention. The effort made by most participants toward helping their peers 
master curriculum contents was admirable. 
Third Part 
Two boys and three girls from the Greater Chicago area engaged the 
G.R.A.C.E. Project. They were joined by two other learners who were not members of 
the target population. Therefore, data from these individuals were not used for this 
study. This last session conformed to the routine established over the course of 
many months. The materials, instructions, and teaching were identical to those used 
with the other two groups. One challenge encountered was a noisy area to be in. 
However, within 30 minutes, I made the adjustment. Subjects were reassigned to a 
private room without distractions. This adjustment was in keeping with planned 
strategies for emphasizing the affective component of the GRACE Project. As a result 
of the wealth of experiences gained throughout the development process, harmony 
was maintained throughout the process. I discovered that the more practice 
engaged in the less challenging it was to achieve our desired target- mastery of 
geometry concepts. 
I also learned that the effort put forth by the instructor to achieve 
satisfactory results was probably the most important variable in instructional 
planning and delivery. If I had to do this again, I would extend the time for all 
participants over the time spent developing this curriculum. For example, the 71/2 
hours seemed inadequate, since it did not provide enough time for a better quality 
learner-instructor interaction.  As a result, I think that instead of 90-minute 
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sessions, I would have liked to have 2-hour sessions. Finally, I realized that if the 
formative process is carefully engaged in, then summative evaluation may not 
become a fear factor for learners. 
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APPENDIX B 
ALIGNMENT OF OBJECTIVES, STANDARDS AND CONTENT
 
 1
4
7
 
   
   
  T
a
b
le
 1
1
 
   
   
 A
li
g
n
m
en
t 
o
f 
th
e 
G
.R
.A
.C
.E
. P
ro
je
ct
’s
 O
b
je
ct
iv
es
, S
ta
n
d
a
rd
s,
 a
n
d
 C
o
n
te
n
t 
It
e
m
 
N
o
. 
E
xp
e
ct
e
d
 L
ea
rn
e
rs
’ P
e
rf
o
rm
a
n
ce
 
N
C
T
M
 S
ta
n
d
a
rd
 
L
e
v
e
l 
M
a
n
u
a
l 
C
o
n
te
n
t 
D
iv
is
io
n
-I
te
m
#
 
1
. 
S
e
le
ct
 c
o
rr
e
ct
 d
e
sc
ri
p
ti
o
n
s 
fo
r 
g
eo
m
et
ry
, E
u
cl
id
ia
n
 g
eo
m
et
ry
 a
n
d
 n
o
n
-E
u
cl
id
ia
n
 
g
eo
m
et
ry
 
S
ta
n
d
a
rd
 #
2
.3
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 A
-1
 
2
. 
M
a
tc
h
 1
0
 g
e
o
m
e
tr
ic
 s
y
m
b
o
ls
 w
it
h
 t
h
e
ir
 a
p
p
ro
p
ri
a
te
 n
a
m
e
s 
S
ta
n
d
a
rd
 #
2
.3
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 A
-2
 
3
. 
A
cc
u
ra
te
ly
 t
ra
n
sl
a
te
 i
n
to
 E
n
g
li
sh
 a
 s
ta
te
m
e
n
t 
e
xp
re
ss
e
d
 i
n
 g
e
o
m
e
tr
ic
 s
y
m
b
o
ls
  
S
ta
n
d
a
rd
 #
2
.3
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 A
-3
 
4
. 
C
o
rr
e
ct
ly
 u
se
 5
 g
e
o
m
e
tr
y
 t
e
rm
s 
co
rr
e
ct
ly
 g
iv
e
n
 d
e
sc
ri
p
ti
o
n
s 
S
ta
n
d
a
rd
 #
2
.3
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 A
-4
 
5
. 
P
re
p
a
re
 f
a
ir
ly
 a
cc
u
ra
te
 s
k
e
tc
h
es
 o
f 
g
ra
d
u
a
te
d
 c
y
li
n
d
e
r,
 t
ri
p
le
 b
e
a
m
 b
a
la
n
ce
, 
a
n
d
 c
y
li
n
d
e
r 
S
ta
n
d
a
rd
 #
2
.1
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 A
-5
 
6
. 
U
se
 d
e
fi
n
it
io
n
s 
o
f 
 a
n
d
 
 t
o
 w
ri
te
 c
o
rr
e
ct
 s
ta
te
m
e
n
ts
 o
f 
e
q
u
a
li
ty
 
S
ta
n
d
a
rd
 #
3
.2
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 A
-6
 
7
. 
Id
e
n
ti
fy
 5
 s
h
a
p
e
s 
th
a
t 
a
re
 v
is
ib
le
 i
n
 n
a
tu
re
, g
iv
e
n
 t
h
e
ir
 d
e
sc
ri
p
ti
o
n
s 
S
ta
n
d
a
rd
 #
3
.2
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 B
-7
 
8
. 
D
if
fe
re
n
ti
a
te
 t
h
e
 s
h
a
p
e 
o
f 
a 
b
a
sk
e
tb
a
ll
 a
n
d
 a
 c
ir
cl
e 
in
 1
5
 w
o
rd
s 
o
r 
le
ss
 
S
ta
n
d
a
rd
 #
1
2
.1
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 B
-8
 
9
. 
E
st
im
a
te
 p
e
ri
m
e
te
r 
a
n
d
 a
re
a
 o
f 
a
 t
ra
p
e
zi
u
m
, g
iv
e
n
 d
im
e
n
si
o
n
s 
&
 4
 c
h
o
ic
e
s 
S
ta
n
d
a
rd
 #
1
0
.1
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 B
-9
 
1
0
. 
D
e
te
rm
in
e 
p
a
ir
 o
f 
p
o
ss
ib
le
 d
im
e
n
si
o
n
s 
o
f 
cu
b
o
id
s 
gi
v
e
n
 v
o
lu
m
e
 
S
ta
n
d
a
rd
 #
1
3
.5
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 B
-1
0
 
1
1
. 
Id
e
n
ti
fy
 a
 t
ra
n
sf
o
rm
a
ti
o
n
 f
ro
m
 6
 c
h
o
ic
e
s  
in
 t
h
e
 “
C
” 
p
la
n
e
 
S
ta
n
d
a
rd
 #
1
2
.3
 
K
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 B
-1
1
 
1
2
. 
D
e
te
rm
in
e 
e
q
u
iv
a
le
n
t 
e
st
im
a
te
s 
o
f 
p
i 
b
y
 c
o
m
p
a
ri
n
g
 d
ia
m
e
te
r 
a
n
d
 o
ce
 o
f 
ci
rc
le
 
S
ta
n
d
a
rd
 #
1
0
.3
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 C
-1
2
 
1
3
. 
W
ri
te
 t
ru
e
 s
ta
te
m
e
n
ts
 t
o
 s
h
o
w
 t
h
a
t 
su
m
 o
f 
in
t.
 <
s 
o
f 
a
  t
ri
a
n
g
le
 =
 i
ts
 e
xt
. <
 
S
ta
n
d
a
rd
 #
1
0
.3
 
9
-1
2
 M
o
d
if
ie
d
 
S
e
ct
io
n
 C
-1
3
 
1
4
. 
A
n
sw
e
r 
6
 q
u
e
st
io
n
s 
re
la
te
d
 t
o
 “
D
=
m
/
v
” 
co
rr
e
ct
ly
 
S
ta
n
d
a
rd
 #
1
0
.1
 
K
-4
 M
o
d
if
ie
d
 
S
e
ct
io
n
 C
-1
4
 
1
5
. 
A
p
p
ly
 t
h
e
 P
y
th
a
g
o
re
an
 T
h
e
o
re
m
 i
n
 c
h
o
o
si
n
g
 a
n
ch
o
r 
p
o
si
ti
o
n
 o
f 
ro
p
e 
S
ta
n
d
a
rd
 #
1
2
.2
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 C
-1
5
 
1
6
. 
E
xp
la
in
 i
n
 5
 s
te
p
s 
h
o
w
 t
o
 d
e
te
rm
in
e
 t
h
e
 p
e
ri
m
e
te
r 
o
f 
a
n
 i
rr
e
g
u
la
r 
p
la
n
e 
sh
a
p
e 
w
it
h
 s
tr
in
g
 a
n
d
 r
u
le
r 
S
ta
n
d
a
rd
 #
1
3
.7
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 C
-1
6
 
1
7
. 
C
re
a
te
 a
 t
e
ss
e
ll
a
ti
o
n
 w
it
h
 e
xa
ct
ly
 2
0
 c
o
n
g
ru
e
n
t 
sh
a
p
e
s 
S
ta
n
d
a
rd
 #
1
3
.5
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 D
-1
7
 
1
8
. 
C
re
a
te
 a
 n
e
w
 s
y
m
m
e
tr
ic
 p
a
tt
e
rn
 b
y
 a
d
ju
st
in
g
 a
n
 e
xi
st
in
g
 p
a
tt
e
rn
 
S
ta
n
d
a
rd
 #
8
.1
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 D
-1
8
 
1
9
. 
P
o
si
ti
o
n
 a
n
 i
m
a
ge
 t
o
 s
h
o
w
 e
ff
e
ct
 o
f 
tr
a
n
sf
o
rm
a
ti
o
n
s 
b
y
 r
e
fl
e
ct
io
n
 
S
ta
n
d
a
rd
 #
1
2
.3
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 D
-1
9
 
2
0
. 
C
la
ss
if
y
 c
o
o
rd
in
a
te
s 
in
 t
h
e
ir
 a
p
p
ro
p
ri
a
te
 q
u
a
d
ra
n
t 
o
r 
a
xi
s 
ca
te
g
o
ry
 
S
ta
n
d
a
rd
 #
1
2
.3
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 D
-2
0
 
2
1
. 
S
k
e
tc
h
 a
 n
e
t 
fo
r 
a 
cy
li
n
d
e
r,
 g
iv
en
 a
 m
o
d
e
l a
n
d
 s
ca
le
 f
a
ct
o
r 
S
ta
n
d
a
rd
 #
7
.5
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 D
-2
1
 
2
2
. 
C
a
lc
u
la
te
 t
o
ta
l 
in
v
e
st
m
e
n
t 
a
n
d
 e
xp
e
ct
e
d
 y
ie
ld
 p
e
r 
h
e
ct
a
re
 
S
ta
n
d
a
rd
 #
7
.6
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 E
-2
2
 
2
3
. 
C
a
lc
u
la
te
 t
h
e
 n
u
m
b
e
r 
o
f 
b
o
xe
s 
o
f 
ti
le
s 
n
ee
d
e
d
 t
o
 c
o
m
p
le
te
 a
 j
o
b
 
S
ta
n
d
a
rd
 #
1
.3
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 E
-2
3
 
2
4
. 
G
iv
e
 a
 r
a
ti
o
n
a
le
 f
o
r 
th
e
ir
 s
e
le
ct
ed
 t
ra
v
e
l r
o
u
te
, g
iv
e
n
 s
ce
n
a
ri
o
 
S
ta
n
d
a
rd
 #
1
.3
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 E
-2
4
 
2
5
. 
E
xp
la
in
 i
n
 5
 s
te
p
s 
h
o
w
 t
o
 d
e
te
rm
in
e
 t
h
e
 v
o
lu
m
e
 o
f 
a
n
 i
rr
e
g
u
la
r 
so
li
d
 s
h
a
p
e
 
u
si
n
g
 a
 g
ra
d
u
a
te
d
 c
y
li
n
d
e
r 
S
ta
n
d
a
rd
 #
1
3
.5
 
5
-8
 S
ta
n
d
a
rd
 
S
e
ct
io
n
 E
-2
5
 
147 
 
 148 
APPENDIX C 
COGNITIVE INSTRUMENT 
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COGNITIVE EDUCATIONAL INSTRUMENT 
Pre –and Post- Instructional Inventory 
COGNITIVE INSTRUMENT 
            Code   ______________________________________ 
Question 1 (6 points): Match each term, (1) geometry, (2) Euclidian geometry, and 
(3) non-Euclidian geometry with the best description below. Use “0” to indicate no 
match. 
A. Includes the study of plane geometry which focuses on 2-dimensional 
features _____ 
B. Literally means “earth measurement” _______ 
C. Focuses on measuring of all planets ______ 
D. Focuses on the study of earth features such as latitudes and great circles _____ 
E. All of the above ______ 
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Question 2 (10 points): Match the geometric symbol with its correct name by 
placing the letter to the right in the column marked “A.” 
# Symbol A Meaning of Symbol 
1 
 
 Similarity between shapes/ figures .…..M 
2   Therefore ………………………………………..N 
3   Right angle ……………………………………….O 
4   Line AB …………………………………………….P 
5   Triangle …………………….………….…………Q 
6   Line segment AB …………………………..….R 
7   Degree ……………………………………………S 
8   Congruency of shapes/ figures …….….T 
9   Perpendicular ………………………………….U 
10 
 
 Angle ………………………………………..……..V 
Question 3 (5 points): On the lines provided below, translate the following 
geometric statement completely in English: “Oce of a O = 2πr = πd but A = πr2” 
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________ 
_______________________________________________________________________________________________ 
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Question 4 (5 points): For a-e supply the correct vocabulary word that best 
describes the process, description or definition presented: 
A. These two angles, 40 degrees and 140 degrees, are __________________________ 
because they add up to 180 degrees. 
 
B. A one-word geometric term for “element of design that shows balance and 
congruency on both sides of a mirror line.” _____________________________ 
C. Name for an assumption that is accepted without proof in geometry. For 
example: “If two lines intersect, then they intersect in exactly one point.” 
_____________________ 
D. The corresponding angles of all triangles below are congruent. This means 
the triangles are ______________________________________ 
 
 
 
  
  
 
 
E. If C is the center of the circle, then the shaded region in the figure below is a 
____________________ of the circle. 
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Question 5 (9 points): Prepare fairly accurate sketches of items indicated below to 
reflect unique properties of each. 
Graduated Cylinder Triple Beam Balance Cylinder 
 
 
 
 
 
 
 
  
Question 6 (11points): Use definitions of congruency and similarity to write 
correct statements of equality. 
A                                      D 
 
B                              C       E                          F 
 
A. If ABC and DEF are congruent, then what true statements can you 
make? 
____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
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            A             B 
                                                              
            E                 D                                                                         E1       D1 
B. If the two hexagons are similar then what true statements can you make? 
____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
 
 
Question 7 (7 points): The Master Designer has included a variety of geometric 
shapes in nature. For a-e name the shape described: 
A. The general plan of the pine trees ____________________________ 
B. The general elevation of the pine tree _________________________ 
C. Shape of each cell of the honeycomb ________________________ 
D. General shape of the trunk of a tree _________________________ 
E. Shape of a grapefruit/orange ________________________________ 
Question 8 (2points): In 15 words or less state the essential difference between 
the shape of a basketball and the shape of a circle, on the lines provided below. 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 
  F C 
  A1          B1 
C1 F1 
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Question 9 (11 points): Verify the best estimates of the perimeter and area 
respectively of the trapeze-shaped diagram below. Given that line segment AB is 
vertical. Show your work clearly. 
 
A. Perimeter:  1) 155            2) 169            3) 234             4) 55 
B. Area:             1) 44              2) 54              3) 144             4) 23712 
 
Question 10 (6 points): For the diagram provided below (not necessarily drawn to 
scale) give two different sets of dimensions that would result in a volume of 120 
cubic centimeters. 
 
Set 1:    L _____          W_____           H______ 
Set 2:   L _____           W ____           H ______
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Question 11 (3 points): Circle the letter below that best describes the 
transformation. 
           
           
           
           
           
           
  A     A1   
           
           
           
           
           
           
A. vertical translation C. double translation E. enlargement 
B. rotation D. horizontal translation 
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Question 12 (5 points): In terms of comparative lengths, determine the 
approximate relationship between the ray and the circle; then, choose the pair of 
values below that best indicates this relationship. 
 
 
A. 10/3 B. 3 1/3 C. 3 1/7 D. 7 1/3 E. 22/7 
Question 13 (5 points): Justify with a series of true statements that the measure of 
the exterior angle x (in the figure) equals the sum of the measures of angles Q and R. 
 
 
 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
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Question 14 (15 points): A rectangular block measures 240 units on a triple beam 
balance, if its base area and height are 12 and 5cm, calculate its density then answer 
the questions below. 
 
A. What is the appropriate unit for area of the base? _______________________ 
B. What is the correct formula for density? ________________________ 
C. What formula was most likely used to calculate the base area? _______________ 
D. Which value represents the density? ____________________ 
E. The ratio unit used to express density is? _____________________ 
F. Explain “E” completely. 
_________________________________________________________________________________________
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
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Question 15 (3points): A Pathfinders team is about to erect a flagpole. Choose the 
anchor position of the rope “R” when stretched, at 10 feet, in order to have a 90-
degree angle where the flagpole meets the ground. Given that the horizontal axis 
uses the same scale as the vertical axis (1, 2, 3, …). 
A. Position #6 
B. Position #7 
C. Position #8 
D. Position midway between #8 and #9 
E. Position beyond #9 
Pole 
          
          
   R       
          
          
          
                          1           2           3           4           5           6           7           8           9          10
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Question 16 (10 points): Explain in five steps exactly how you would determine 
the perimeter of the irregular plane shape below. 
 
 
 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
________________________________________________________________________________________________ 
____________________________________________________________________________________________________________________ 
 
Question 17 (6 points): In the rectangular space below, create a tessellation with 
exactly 20 congruent shapes. 
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Question 18 (6 points): Rearrange the segments of the square below to create a 
new symmetric pattern of your choice. 
  
  
 
 
 
Question 19 (10 points): Suppose the window ‘M” shown below experiences 
double transformation in the form of reflection through L2 and L1 respectively. 
Draw the resulting shapes. 
 
 
                  
 M                 
                  
                  
                  
                  
L1   -5 -4 -3 -2 -1  1 2 3       
        -2          
                  
        -4          
                  
                  
                                                                     L2 
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Question 20 (14 points): Coordinates in the Cartesian plane may be organized by 
the following categories: I, II,III, IV, X-axis & Y-axis. Determine mentally where each 
pair belongs then classify the coordinates below in each category. 
 (-1,5), (0,8), (4,5), (-6,-6 ), (23,0), (0,0), (9,7), (6,0), (4,-8), ( -7,5), (-3,-9), (2,2) 
(13,-4), (0, 7), (11, 0), (1,-7), (6, 23), (33,-5), (0,-2), (20, 2), (-3,-3), (4,-6), (-16, 4) 
I. _____________________________________         II. ____________________________________ 
  
III. __________________________________          IV. ____________________________________ 
 
X-axis. _________________________________        Y-axis. ________________________________ 
 
Question 21 (6points): Based on the scale factor 2, construct a net for a similar 
cylinder from the net given below. 
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Question 22 (15 points): A 20 meter by 10 meter rectangular garden yields 80lb of 
soy beans with application of five - $2.89 bags of fertilizer. At the same rate, 
estimate the dollar amount of investment and yield respectively that could be 
expected from a 1 – hectare plot. 
 
Question 23 (5 points): Given that a flat area of ground to be tiled is shaped like a 
//gram, how many boxes containing 24 square-foot tiles would you purchase for the 
job if its dimensions are as follows: base = 35 feet, height = 15 feet, and slant side = 
20 feet? Assume that tiles may be cut cleanly into pieces with no waste. 
A. 21 B. 22 C. 24 D. 30 E. 437 
Question 24 (5 points): It is known that path AC (shown on figure 3 below) is 
mountainous; but path AB and BC are coastal areas. Imagine that you are a Master 
Guide. Describe a scenario and rationale for choosing route ABC. Then describe a 
scenario and rationale for choosing route AC. Each answer should be 30 words or 
less. 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
 
Fig. 3 
 
 
 
 
                                      
 
 
 
 
A 
 
 
 
 
 
 
 
B                                                                              C 
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Question 25 (10 points): On the lines provided below, explain in 5 steps how you 
would determine the volume of a broken piece of rock that is approximately 3.5 
centimeters in diameter, using a graduated cylinder. 
________________________________________________________________________________________________ 
________________________________________________________________________________________________ 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
________________________________________________________________________________________________ 
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COGNITIVE EDUCATIONAL INSTRUMENT 
Pre –and Post- Instructional Inventory 
CRITERIA FOR COGNITIVE INSTUMENT 
Question 1 (6 points): Match each term, geometry (1), Euclidian geometry (2), and 
non-Euclidian geometry (3) with the best description below. Use “0” to indicate no 
match. 
A. Includes the study of plane geometry which focuses on 2-dimensional 
features (2) 
B. Literally means “earth measurement” (1) 
C. Focuses on measuring of all planets___0____ 
D. Focuses on the study of earth features such as latitudes and great circles (3) 
E. All of the above ___0___ 
(2 points for each correct description) 
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Question 2 (10 points): Match the geometric symbol with its correct name by 
placing the letter to the right in the column marked “A.” 
# Symbol A Meaning of Symbol 
1 
 
O Similarity between shapes/ figures..…..M 
2  P Therefore ………………………………………. N 
3  Q Right angle ……………………………………... O 
4  T Line AB………………………………………...…..P 
5  U Triangle ……………………………………..…...Q 
6  V Line segment AB ……………………………..R 
 7  N Degree ……………………………………….….. S 
8  M Congruency of shapes/ figures ….……..T 
9  R Perpendicular ………………………………….U 
10 
 
S Angle …………………………………………...…V 
 
(1 point for each correct response) 
 
 
Question 3 (5 points): On the lines provided below, translate the following 
geometric statement completely in English: “Oce of a O = 2πr = πd but A = πr2” 
THE CIRCUMFERENCE OF A CIRCLE EQUALS TWO TIMES PI TIMES ITS 
RADIUS OR PI TIMES ITS DIAMETER, BUT ITS AREA EQUALS PI TIMES ITS 
RADIUS SQUARED. 
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Question 4 (5 points): For a-e supply the correct vocabulary word that best 
describes the process, description or definition presented: 
A. These two angles, 40 degrees and 140 degrees, are supplementary because 
they add up to 180 degrees. 
 
B. A one-word geometric term for “element of design that shows balance and 
congruency on both sides of a mirror line.” Symmetry 
C. Name for an assumption that is accepted without proof in geometry. For 
example: “If two lines intersect, then they intersect in exactly one point.” 
Postulate or axiom 
D. The corresponding angles of all triangles below are congruent; this means 
the triangles are similar. 
 
 
 
 
 
 
E. If C is the center of the circle, then the shaded region in the figure below, is a 
sector of the circle. 
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Question 5 (9 points): Prepare fairly accurate sketches for the items indicated 
below to reflect unique properties of the each item. 
 
Graduated Cylinder Triple Beam Balance Cylinder 
 
 
 
 
 
(For graduated cylinder, 1 point each for base, curved surface and scale) 
(For Triple Beam Balance, I point each for body, scaled beams, and landing) 
(For regular cylinder, I point each for curved surface, circular base, labeled 
radius & height)
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Question 6 (11points): Use definitions of congruency and similarity to write 
correct statements of equality. 
A                                      D 
 
B                              C       E                          F 
 
A. If ABC and DEF are congruent, then what true statements can you 
make? 
1. AB = DE ----- corresponding sides of congruent triangles 
2. BC = EF ----- corresponding sides of congruent triangles 
3. AC = DF ----- corresponding sides of congruent triangles 
 
(Note, since all 3 pairs of corresponding angles are = ABC is also similar 
to DEF.) 
 
            P             Q 
                                                              
            T                 S                                                                         T1         S1 
B. If the two hexagons are similar then what true statements can you make? 
 
1. Angle P  = Angle P1 (or m P = m P1) 
2. Angle Q  = Angle Q1 
3. Angle R  = Angle R1 
4.  Angle S  = Angle S1 
5. Angle T  = Angle T1 
6. Angle U  = Angle U1 
 
(2 points each for definition; 1 point for describing congruent shape as being 
similar; 1 point for each of 6 statements of equality) 
 U R 
  P1          Q1 
R1 U1 
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Question 7 (7 points): The Master Designer has included a variety of geometric 
shapes in nature. For a-e name the shape described: 
A. The general plan of the pine trees circle 
B. The general elevation of the pine tree triangle 
C. Shape of each cell of the honeycomb hexagon 
D. General shape of the trunk of a tree cylinder 
E. Shape of a grapefruit/orange sphere 
(2 points for definition -A; 2 points for definition-B; 1 point each correct shape 
-C, D, &E) 
 
 
Question 8 (2points): In 15 words or less state the essential difference between 
the shape of a basketball and the shape of a circle, on the lines provided below. 
A basketball is a 3-dimensional solid but a circle is a 2-dimensional 
plane shape. 
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Question 9 (11 points): Verify the best estimates of the perimeter and area 
respectively of the trapeze-shaped diagram below. Given that line segment AB is 
vertical. Show your work clearly. 
 
A. Perimeter: 1) 155 2) 169 3) 234 4) 55 
B. Area: 1) 44 2) 54 3) 144 4) 23712 
(7 points for correct choice and application of formulas; 2 points for each 
correct answer) 
 
Question 10 (6 points): For the diagram provided below (not necessarily drawn to 
scale) give two different sets of dimensions that would result in a volume of 120 
cubic centimeters. 
 
Set 1:    L =10          W=4           H=3 
Set 2:    L = 6           W = 5          H=4 
Other combinations of three positive numbers whose product is 120 are acceptable 
(2, ½, and 120 for example) 
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Question 11 (3 points): Circle the letter below that best describes the 
transformation. 
 
           
           
           
           
           
           
  A     A1   
           
           
           
           
           
           
 
A. vertical translation C. double translation E. enlargement 
B. rotation D. horizontal translation 
Question 12 (5 points): In terms of comparative lengths, determine the 
relationship between the ray and the circle; then, choose the pair of values below 
that indicates this relationship. 
 
 
Both C & E are correct estimates/approximations of pi. 
A. 10/3 B. 3 1/3 C. 3 1/7 D. 7 1/3 E. 22/7 
(3 points for accuracy in comparing; 2 points for identifying correct value of 
estimate for pi) 
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Question 13 (10points) Justify with a series of true statements that the measure of 
the exterior angle x (in figure 1) equals the sum of the measures of angles Q and R. 
 
For any PRQ 
• m P + m R + m Q = 180 
• m R + m Q = 180 - m P 
• m P + m X = 180 
• m X = 180 - m P 
 So, m X = m R + m Q 
 Thus, , m X =72+45=117 
Note: The ordering of these statements is not unique. Any logical ordering is 
acceptable. The specific measurements of angle R and Q could be substituted in 
earlier than the last step. 
(2 points for each correct statement) 
Question 14 (15 points): A rectangular block measures 240 units on a triple beam 
balance, if its base area and height are 12 and 5cm, calculate its density then answer 
the questions below. 
A. What is the appropriate unit for area of the base? square centimeter (cm²) 
B. What is the correct formula for density? D = m/v 
C. What formula was most likely used to calculate the base area? A= l x w 
D. Which value represents the density? 240/60 = 4 
E. The ratio unit used to express density is? g/cm³ 
F. Explain “E” completely. Mass is measured in grams (g) and volume in 
cm³. Since density is a combined unit, it is expressed using the ratio of 
both units (g/cm³). 
(3 points for correct application of “D =m/v”; 2 points for each correct 
response for 1-5; 2 points for explaining “E” completely).
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Question 15 (3points): A Pathfinders team is about to erect a flagpole; choose the 
anchor position of the rope “R,” when stretched at 10 unit lengths, in order to have a 
90-degree angle where the flagpole meets the ground. Given that the horizontal axis 
uses the same scale as the vertical axis (1, 2, 3, …). 
A. Position #6 
B. Position #7 
C. Position #8 (Reason: Use Pythagorean Theorem). 
D. Position midway between #8 and #9 
E. Position beyond #9 
Pole 
          
          
   R       
          
          
          
                          1           2           3           4           5           6           7           8            9          10
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Question 16 (10 points): Explain in five steps exactly how you would determine 
the perimeter of the irregular plane shape below. 
 
 
 
 
A. Have string/cord, scissors and ruler ready. 
B. Trace irregular shape with cord (without overlapping or stretching). 
C. Clearly mark or cut the string/cord where it meets the initial end, then 
remove string from around the edge of the shape. 
D. Use ruler to measure string from the initial end to the mark or cut, 
taking care not to stretch the string past its natural length. 
E. Record measurement of perimeter of irregular shape. 
(2 points for each step) 
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Question 17 (6 points): In the rectangular space below, create a tessellation with 
exactly 20 congruent shapes. 
The congruent rectangles below form a tessellation 
          
          
 
One alternative answer: 
          
 
Another alternative answer: 
          
 
Another alternative answer: 
     
     
 
Question 18 (6 points): Rearrange the segments of the square below to create a 
new symmetric pattern of your choice. 
  
  
                                                                      ORIGINAL 
 177 
  
  
  
SAMPLE PATTERN #1 
    
    
SAMPLE PATTERN#2 
 
 
 178 
Question 19 (10 points): Suppose the window “M” shown below experiences 
double transformation in the form of reflection through L2 and L1 respectively. 
Draw the resulting shape. 
 
                  
 M           R1      
                  
                  
                  
                  
   -5 -4 -3 -2 -1  1 2 3       
        -2          
                  
        -4    R2      
                  
                  
                                                                      L2 
(5 points for correct positioning of R1; 5 points for correct positioning of R2) 
 
Question 20 (14 points): Coordinates in the Cartesian plane may be organized by 
the following categories: I, II,III, IV, X-axis & Y-axis. Determine mentally where each 
pair belongs then classify the coordinates below in each category. 
(-1,5), (0,8), (4,5), (-6,-6 ), (23,0), (0,0), (9,7), (6,0), (4,-8), (-7,5), (-3,-9), (2,2) 
(13,-4), (0,7), (11,0), (1,-7), (6,23), (33,-5), (0,-2), (20, 2), (-3,-3), (4,-6), (-16,4) 
 
I. (4,5) (9,7) (2,2) (6,23) (20,2) II. (-1,5) (-7,5) (-16,4) 
III. (-6,-6) (-3,-9) (-3,-3) IV. (4,-8) (13,-4) (1,-7) (33,-5) (4,-6) 
X-axis. (23,0) (6,0) (11,0) (0,0) Y-axis. (0,8) (0,7) (0,-2) (0,0) 
(12 points for the 6categories; 2 points for mentally classifying coordinates) 
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Question 21 (6points): Based on the scale factor 2 construct a net for a similar 
solid from the net given below. 
  
  
  
The net below has 2x2 long units in length and 3x2 short units in height 
    
    
    
    
    
    
 
 
Question 22 (10 points): A 20 meter by 10 meter rectangular garden yields 80lb of 
soy beans with application of five - $2.89 bags of fertilizer. At the same rate, 
estimate the dollar amount of investment and yield respectively, that could be 
expected from a 1 – hectare plot. 
200 sq. meters 80 lbs 5x 3 = $15. 00 
50x200 = 10 000 50x80 = 4000 50x15 = $750.00 
 
ANSWER: $750.00 AND 4000 LBS (other close estimates are acceptable). 
Participants are expected to know that 1 hectare = 10 000 sq. meters in 
order to earn maximum points for this question. 
REASON: 200 & 10 000 SUGGEST A SCALE FACTOR OF 50. THEREFORE, 
BOTH INVESTMENT AND EXPECTED YIELD ARE 50 TIMES AS MUCH. 
 
(7 points for reading and analyzing; 4points for understanding of hectare and 
scale factor; 4points for correct calculations). 
 
Question 23 (5 points): Given that a flat area of ground to be tiled is shaped like a 
//gram, how many boxes containing 24 square-foot tiles would you purchase for the 
job if its dimensions are as follows: base = 35 feet, height = 15 feet, and slant side = 
20 feet? Assume that tiles may be cut cleanly into pieces with no waste. 
35x15 = 525; 525/24 = 21& 11/14.  B 22 the best answer 
A. 21 B. 22 C. 24 D. 30 E. 437 
(5 points for step-by-step calculation of correct answer) 
Question 24 (10 points): It is known that path AC (shown on figure 3 below) is 
mountainous; but path AB and BC are coastal areas. Imagine that you are a Master 
Guide. Describe a scenario and rationale for choosing route ABC. Then describe a 
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scenario and rationale for choosing route AC. Each answer should be 30 words or 
less. 
A 
 
 
 
 
 
 
B                                                                              C 
 
A variety of appropriate responses may be considered. Two possible 
answers are: 
1. I would choose Path AC because it is a shorter distance than  
A--B—C and Pathfinders are often familiar with such challenges. 
2. I would choose the coastal route, which is usually flat, in order to 
conserve on energy, even though the distance is greater. 
Question 25 (10 points): On the lines provided below, explain in 5 steps how you 
would determine the volume of a broken piece of rock that is approximately 3.5 
centimeters in diameter. 
A. Have a graduated cylinder with water volume #1 marked 
B. Submerge the rock into the water 
C. Record water volume #2 
D. Subtract water volume#1 from volume#2 
E. Verify and record correct volume of the stone 
(2 points for each step) 
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APPENDIX E 
INSTRUMENT FOR MODIFICATION OF AFFECT 
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AFFECTIVE PRE- AND POST-TEST INVENTORY 
Instrument for Measuring Modification of Affect 
Code: _______________ 
Read each statement carefully; then circle “SA” if you strongly agree, “A” if you 
agree, “U” if you are undecided, “D” if you disagree, and “SD” if you strongly disagree 
with the statement. 
  1. I really like geometry. 
1 2 3 4 5 
SA A U D SD 
  2. I am satisfied with my present level of achievement in geometry. 
1 2 3 4 5 
SA A U D SD 
  3. Geometry is useless 
1 2 3 4 5 
SA A U D SD 
  4. I want to spend more time learning geometry. 
1 2 3 4 5 
SA A U D SD 
  5. I enjoy learning geometry. 
1 2 3 4 5 
SA A U D SD 
  6. I am aware of geometry applications in architecture. 
1 2 3 4 5 
SA A U D SD 
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  7. Geometry is boring. 
1 2 3 4 5 
SA A U D SD 
  8. I am aware that I use geometry in many daily activities. 
1 2 3 4 5 
SA A U D SD 
  9. A good foundation in geometry will be helpful in my life. 
1 2 3 4 5 
SA A U D SD 
10. I know enough geometry to help my peers. 
1 2 3 4 5 
SA A U D SD 
11. I often open my geometry books at home. 
1 2 3 4 5 
SA A U D SD 
12. I am familiar with the geometry standards for my grade level. 
1 2 3 4 5 
SA A U D SD 
13. I would like to help my peers learn more geometry. 
1 2 3 4 5 
SA A U D SD 
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14. I am interested in keeping track of my progress in geometry. 
1 2 3 4 5 
SA A U D SD 
15. I am aware of geometry applications in nature. 
1 2 3 4 5 
SA A U D SD 
16. Geometry is important. 
1 2 3 4 5 
SA A U D SD 
17 Geometry is interesting. 
1 2 3 4 5 
SA A U D SD 
18. Geometry is important in my life. 
1 2 3 4 5 
SA A U D SD 
Pre-test only Items 
19. Briefly state what you expect to accomplish from this class. 
20. Briefly state what you are willing to contribute toward achieving your goals. 
Post-test Only Items 
19. State the progress you made during the 5 sessions. 
20. State the main features of the program that was helpful. 
 185 
APPENDIX F 
The G.R.A.C.E. PROJECT – MAKING MEANING AND APPLICATION 
(PARTICIPANT’S MANUAL) 
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The G.R.A.C.E Project 
 
 
 
Making Meaning in Geometry 
 
PARTICIPANT’S MANUAL 
 
 
 
 
 
 
 
 
by 
Donaldson Washington Williams 
2008 
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S E S S I O N  A :  F O U N D A T I O N S  O F  G E O M E T R Y  
 
Six Behavioral Objectives 
1. The learner will select correct descriptions for: geometry, Euclidian geometry, 
and non-Euclidian geometry, given 5 selections/choices. 
2. The learner will match ten geometric symbols with their appropriate names. 
3. The learner will accurately translate into English a statement expressed in 
geometric symbols. 
4. The learner will correctly use five geometry terms, given descriptions. 
5. The learner will prepare fairly accurate sketches of graduated cylinder, triple 
beam balance, and cylinder. 
6. The learner will use definitions of congruency and similarity to write correct 
statements of equality. 
Thought for First Session: God brought everything into existence (including 
mankind and principles, patterns and designs in geometry). Genesis1:1 
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OBJECTIVE 1: Select correct descriptions for geometry, Euclidian geometry, and non-
Euclidian geometry. 
Materials: Globe, dictionary excerpt, portrait of Euclid 
Method: Discussion 
Activity: Participate in discussion, read and answer questions 
A. GEOMETRY: This word is made up of 2 root words, “geo” which means 
earth, and “meter” which means measurement. When combined into one 
word, they literally mean MEASUREMENT OF THE EARTH or simply EARTH 
MEASUREMENT. 
B. EUCLIDIAN GEOMETRY: Euclid was a famous mathematician who formally 
developed plane geometry. A plane is a flat, 2-dimensional surface. He 
developed several rules that are accepted without question (postulates) and 
used by students and professionals in solving geometric problems. 
C. NON-EUCLIDIAN GEOMETRY: Some famous mathematicians, (for example 
Gauss) considered geometry that deals with measurement on a non-flat 
surface. For example, on a sphere parallels do intersect, so one postulate has 
been changed. 
Discussion Questions 
1. What are some terrestrial features that are measured? 
2. What name is given to the practice of measuring earth’s features such as 
rivers, farmlands, and mountains? 
3. What term above includes “plane geometry”? 
4. Have you gained any new knowledge from this process? 
5. What three questions can you answer accurately from this process? 
Summary Notes ______________________________________________________________________________ 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 
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OBJECTIVE 2: Match ten geometric symbols with their appropriate names. 
Materials: Chart, hand-outs 
Methods: Peer interview, drills & practice 
Activity: Classify symbols into two groups (known and unknown), verify the 
known with your peers, then draw and label each unknown symbol three 
times. Finally, match all symbols accurately as directed. 
From the chart of symbols provided draw the symbol that corresponds with each 
name. 
Name of Geometric Symbol Design of Geometric Symbol 
1. right angle  
2. congruent  
3. similarity  
4. therefore  
5. greater than or equal to  
6. perpendicular  
7. angle  
8. line AB  
9. line segment AB  
10. degree/s  
11. arc  
12. plane  
13. circumference  
14. pi  
 
Discussion Questions 
1. Why are symbols used in geometry? 
2. How may we communicate effectively using the language of geometry? 
3. From your perspective, how beneficial is this activity? 
 
OBJECTIVE 3: Accurately translate into English a statement expressed in geometric 
symbols. 
Materials: Chart with geometric symbols, handbook, checklist. 
Methods: Peer coaching, practice drills, demonstration 
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Activity: Review circle vocabulary example: A, C, Oce, r, r2, d, (A= π x r2), (C= 
π x d), etc; then practice at least three simple translations such as (C= π x d) 
meaning: “Circumference of a circle is approximately equal to π times its 
diameter.” 
A. r2 = r x r not 2 x r ____________________________________________________________________ 
B. d = r + r = 2 x r _______________________________________________________________________ 
C. Oce = π x d___________________________________________________________________________ 
D.  A= π x r2 _____________________________________________________________________________ 
_____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
Discussion Questions 
1. What are some motions that form circles? 
2. How important is circular motion to travel and industry? 
3. Why may junior high students use pi ≈ 3 or pi ≈ 3.14? 
4. Can you find in the Bible where 3 is used for an estimate for pi? 
 
OBJECTIVE 4: Correctly use five geometry terms given descriptions. 
Materials: Manual, chart containing geometric processes 
Methods: Discussion, peer review 
Activity: Fill in the blank spaces in A then proceed with B, C, D, & E. 
A. SUPPLEMENTARY ANGLES add up to 180 degrees. Half of a circle is a turn of 
180 degrees. Therefore the following pairs of angles are supplementary – 
50 and 130 
80 and 100 
30 and ____ (complete)    _______ and 70 (complete) 
60 and ____ (complete). 
 192 
B. Some letters of the alphabet are symmetric while others are not. Look for 
balance and equality in size on either side of the line of symmetry. Some 
patterns are symmetric while others are not. 
The letter A is symmetric with a vertical line of symmetry. 
The letter B is symmetric with a horizontal line of symmetry. 
The letter C is also symmetric with a horizontal line of symmetry. 
The letter D is symmetric with a horizontal line of symmetry. 
The human body is symmetric with a vertical line of symmetry. 
Identify 2 other symmetric patterns, 2 non-symmetric patterns, 5 other 
symmetric letters, and 5 asymmetric letters. Verify correctness with at least 
one peer. 
C. POSTULATES are geometric propositions that are accepted (without 
questions/proof) and used as the basis for developing a logical argument. For 
example: If B is between A and C, then AB+ BC = AC. 
D. Similar shapes have equal corresponding angle measures but may have 
different side lengths; for example, the shape of your textbook and that of the 
chalkboard. Both have 4 right angles.  
E. Congruent shapes have both equal corresponding angle measures and equal 
corresponding side lengths. Note that for triangles, if all three corresponding 
side lengths are equal, then the corresponding angle measures must also be 
equal; so the triangles are congruent. This is the Side-Side-Side (SSS) 
Theorem 
F. What is the difference between a sector and a segment of a circle? Answer: A 
sector is shaped like a slice of pie with the two sides of the pie formed by two 
radii (the point of the pie is the center of the circle). A segment is a 
piece/section of the circle cut off by a chord (any line between two points on 
the circle). 
Discussion Questions 
1. If an area of study has its own unique vocabulary, then we may conclude that 
discipline has _________________________________________________ (complete). Hint- It 
allows for communication. 
2. Symmetry is a design feature that was originated by whom? 
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OBJECTIVE 5: Prepare fairly accurate sketches of graduated cylinder, triple beam 
balance, and cylinder. 
Materials: chart containing sketch diagrams, manual 
Methods: observation, imitation, demonstration 
Activity: From the trace diagrams completed during introduction, sketch the 
following items in the space provided below: 
 
Discussion Questions: 
1. What is the essential difference between a cylinder and a graduated cylinder? 
2. What are the main features of a triple beam balance? 
3. Which of the above equipment is concerned with mass? 
4. Which of the above equipment is concerned with volume? 
5. What are some units of volume? Mass? 
Graduated Cylinder Triple Beam Balance Cylinder 
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OBJECTIVE 6: Use definitions of congruency and similarity to write correct 
statements of equality. 
Materials: charts containing proof samples and manual. 
Methods: Demonstrations, peer coaching. 
Activity: Identify corresponding sides of congruent triangles. Then fill in the 
blank spaces below. 
 
     A                                                                                  B 
 
     C                                                                                   D 
STATEMENTS OF EQUALITY: CONGRUENCY 
       ABD & ACD are  if corresponding ________________ are exactly the same. 
1. AB = ___ 
2. AC = ___ 
3. AD = ___ 
 
          P 
 
 
 
 
 
 
STATEMENTS OF EQUALITY: SIMILARITY 
PQR & P1Q1R1 are ____________ if their corresponding ________ are congruent. 
1. Angle P ______    ____________ 
2. ___________   ____ Angle Q1 
3. Angle R _____   ___________ 
R1 Q1 
R 
P 
Q 
P1 
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Comparison: Congruent shapes must have the same SHAPE (angles) and SIZE. 
Similar shapes must have the same SHAPE but may be different sizes 
Discussion Questions: 
1. Is the model of a house congruent to the house? 
2. Is the model of a house similar to the house? 
3. Identical houses built from the model are congruent. True/False? 
4. What does the reflexive property mean? Hint: Examine congruent triangles 
above. 
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S E S S I O N  B :  G E O M E T R Y  A L L  A R O U N D  U S  
Duration: 90 minutes/ or five 18-min Sessions 
Format: Interactive Group 
Five Behavioral Objectives 
  7. The learner will identify five geometric shapes that are visible in nature, given 
clear descriptions of each. 
  8. The learner will differentiate between basketball and circle (in terms of their 
unique properties) in 15 words or less. 
  9. The learner will choose the best estimates of area and perimeter of a 
trapezium, given four choices. 
10. The learner will determine a pair of possible dimensions of a cuboid whose 
volume is given. 
11. The learner will identify a transformation out of six choices, given a diagram of 
the transformation of a shape in the Cartesian plane. 
Thought for second session: Visible things in the heavens (example constellation) 
and on this earth declare God’s wisdom and the work of his hands. Psalms 19:6. 
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OBJECTIVE 7: Identify five geometric shapes that are visible in nature, given clear 
descriptions. 
Materials: Chart containing descriptions, manual 
Methods: discussion, peer sharing 
Activity: For each description on chart, write the name of the shape. Then, 
compare answers with two of your peers.  
A. The general plan(top view) of the pine trees ____________________________ 
B. The general elevation(side view) of the pine tree _________________________ 
C. Shape of each cell of the honeycomb ________________________ 
D. General shape of the trunk of a tree _________________________ 
E. Shape of a grapefruit/orange ________________________________ 
Discussion Questions 
1. How many items did you get correct? 
2. Who is the originator of geometric patterns and designs? 
 
OBJECTIVE 8: Differentiate between basketball and circle in 15 words or less. 
Materials: chart containing sphere and circle peculiarities 
Methods: observation, discussion, cooperative learning 
Activity: Prepare t-chart with list of similarities and differences between 
both shapes, then state in 15 words or less the difference between the 
shapes. 
Comparing and Contrasting the Sphere and the Circle 
SIMILARITIES DIFFERENCES 
  
1. Both are round  
2. Both are geometric shapes  
3.   
4.  
5.  
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Discussion Questions 
1. How are cylinders, cones, and cubes alike? 
2. How are triangles, rectangles, and trapezoids alike? 
3. Containers have ______________________ ( complete) 
4. But, plane figures have only 2 ________________________________ 
5. What are examples of (approximate) spheres? 
6. What are examples of (approximate) circles? 
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OBJECTIVE 9: Choose the best estimates of area and perimeter of a trapezium, 
given four choices. 
Materials: manual, chart containing formulas of plane shapes. 
Methods: Peer sharing, drills & practice 
Activity: Find area and perimeter of the trapezoid below, given that b1 = 
8cm, b2 = 10 cm, and h = 6 cm, SI =9cm & S2 = 7cm. Work with a group 
member then compare answers before showing it to the facilitator. 
 
 
The parallel sides of a trapezoid are called the 
bases, here symbolized by b1 and b2. 
 
The height of the trapezoid is the perpendicular 
distance between the bases, here symbolized by 
h. 
 
The area of the trapezoid is equal to the average 
of the bases times the height. So, you add the two 
bases, divide by 2, and then multiply by the 
height. This would be: 
 
area = ((b1 + b2) / 2)h 
 
Discussion Questions: 
1. Instead of the number 6, the value could be 5.97 or 6.02. How would this 
change things? Why? 
2. What pair values could have been assigned for 8 and 10? 
3. Which formulas were used in this activity? 
4. Can you explain why those two formulas work? 
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OBJECTIVE 10: Determine a pair of possible dimensions of a cuboid whose volume 
is given. 
Materials: manual, model of cuboid, ruler 
Methods: observation, demonstration, hands-on 
Activity: Measure and record length, width & height of cuboid in cm/inch. 
Multiply all 3 lengths to get volume in cubic centimeters or cubic inches. 
Then complete the following statements below with at least one group 
member. 
A cuboid is a box-shaped object. It has six flat 
sides and all angles are right angles. 
All of its faces are rectangles. 
It is also a prism because it has the same cross-
section along a length. In fact it is a rectangular 
prism.  
 
The volume of a cuboid is 200 cubic centimeters. Which of the dimension sets 
below are possible? 
A. L = 10 cm W= 5cm H = 4cm 
B. L = 4 W = 10 H = 5 
C. L = 80 W = 50 H = 70 
D. L = 20 W = 5 H= 2 
Discussion Questions 
1. Is a cuboid regular or irregular? Why? 
2. A synonym for “number of cubes that fits within a given space” is? ____________ 
3. What are two other metric units of volume? ______________ and _______________ 
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OBJECTIVE 11: Identify a transformation out of six choices, given a diagram of the 
transformation of a shape in the Cartesian plane. 
Materials: manual, grid sheets, chalkboard,  
Methods: Discussion, demonstration, hands-on 
Activity: Show that a double translation has occurred. 
 
           
           
           
       K2    
           
           
           
         
           
           
           
   KI        
           
           
           
 
Discussion Questions 
1. What do you notice about KI and K2? 
2. What two routes are likely for this transformation? 
3. In what other ways are images transformed? 
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S E S S I O N  C :  U N D E R S T A N D I N G  K E Y  P R I N C I P L E S  I N  
G E O M E T R Y  
Duration: 90 minutes or five 18-minute sessions 
Five Behavioral Objectives 
12. The learner will determine equivalent estimates of pi by comparing 
diameter and circumference of a circle. 
13. The learner will write true statements leading to the conclusion that for 
any triangle RPQ, the sum of the interior angles equals the exterior angle. 
14. The learner will answer six questions related to the formula “D=m/v” 
correctly. 
15. The learner will apply the Pythagorean Theorem by selecting the 
appropriate anchor position of the rope, when a pole is erected at 90 
degrees with the ground, given a diagram showing the various positions 
and the rope. 
16. The learner will explain in five steps how to determine perimeter of an 
irregular plane shape with a string and ruler. 
Thought for third session: God is able to provide instructions and wisdom to 
human beings if they are willing to use their knowledge of geometry to build 
(whether character or a temple) as He directs. 1 Kings 6. 
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OBJCTIVE 12: Determine equivalent estimates of pi by comparing diameter and 
circumference of a circle. 
 
Materials: manual, chart containing pi, cord, scissors, ruler 
Methods: Hands-on demonstration, discussion, peer sharing 
Activity: Use the cord to form a circle with its diameter. Extend the 
circumference and compare it with diameter to see the relationship. Record 
the estimated number of times longer than its diameter is the length of the 
circumference. 
 
 
Label the circle with: radius, chord, circumference, and diameter then 
respond to the questions below. 
 
Discussion Questions 
1. Is pi a ratio, fraction or both? 
2. What is a mixed fractional estimate of pi? 
3. What is a decimal approximation of pi? 
4. What is an improper fraction estimate of pi? 
5. Why is it ok for younger learners to use 3 as an estimate for pi? 
6. Is the definition of pi abundantly clear to you now? 
 
OBJCTIVE 13: Write true statements leading to the conclusion that for any triangle 
RPQ, the sum of the interior angles equals the exterior angle. 
Materials: manual, chart containing samples of proof 
Methods: discussion, exposition, peer sharing, hand-outs 
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Activity: Identify what is given that helps you develop your argument. Find 
the 3rd angle of the triangle, then draw conclusion regarding equality. 
 
 
 
 
 
 
 
How may we determine the value of the unmarked angle inside of the triangle? 
What is the relationship between the unmarked angle inside of the triangle and the 
angle X? Would this process always work? Try to write out the general steps of this 
process. 
 
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 
Discussion Questions 
1. What is the difference between inductive and deductive reasoning? 
2. Where was each kind of reasoning used above? 
3. Can a statement be proved by inductive reasoning? 
4. How would you rate this introduction to proof in geometry? (easy, difficult, 
challenging, manageable) 
 
OBJECTIVE 14: Answer six questions related to “D=m/v” correctly. 
Materials: a rectangular block of wood, manual, ruler, calculator 
Methods: Cooperative learning, hands-on, discussion 
Activity: Discuss procedure for finding density. Assign part of the task to 
different group members; then finalize the answers. 
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A rectangular block measures 360 units on a triple beam balance, if its base 
area and height are 9 and 8cm, calculate its density then answer the 
questions below. 
A. What is the appropriate unit for base area? _______________________ 
B. What is the correct formula for density? ________________________ 
C. What formula was most likely used to calculate the base area? _______________ 
E. Which value represents the density? ____________________ 
F. The ratio unit used to express density is? _____________________ 
G. Explain “E” completely. 
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
________________________________________________________ 
Discussion Questions 
1. Which material has the lower density, sponge or wood? 
2. Is density related to weight? 
 
OBJECTIVE 15: Apply the Pythagorean Theorem by selecting the appropriate 
anchor position of the rope when a pole is erected at 90 degrees with the ground. 
Materials: chart containing Pythagoras’ theorem, manual, grid containing 
diagram, string or cord, measuring tape, table of values based on 
Pythagorean Theorem. 
Methods: Outdoor demonstration, hands-on, observation, discussion 
Activity: Based on the 3-4-5 relationship established by Pythagoras, adjust 
the slant line (when stretched at 5 unit lengths) so that it is positioned 
correctly. 
Given that the horizontal axis uses the same scale as the vertical axis, what is 
the correct anchor position on the vertical axis? 
A. Position #2 
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B. Position #4 
C. Position #6 
D. Between positions #4 & #6 
     
     
  L   
     
     
     
                             1               2              3              4           5 
Discussion Questions 
1. What are the 3 related equations that make up the Pythagoras’ theorem? 
2. The square root of 30 falls between which two whole numbers? 
3. Do you find the application of this theorem easy, ok, difficult or impossible? 
4. Why do you think this theorem is so important in architecture? 
5. Why do you consider it important to be learned in middle school? 
6. Is the concept easy, difficult, ok, or too difficult? 
 
 
OBJECTIVE 16: Explain in five steps exactly how to determine the perimeter of an 
irregular plane shape with a string and ruler. 
Materials: manual, cord, trace diagram of the shape, marker, ruler 
Methods: Hands-on, demonstration, discussion, observation 
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Activity: Place cord exactly over the irregular diagram. Mark where the cord 
meets the initial end. Remove and measure the cord; then, record the 
measurement as perimeter of the shape in centimeters or inches. 
       
       
       
     
       
      T     
     
     
      
       
 
Discussion Questions 
1. What are 2 examples of regular shapes? 
2. Can you repeat at least 4 steps in finding perimeter of irregular shapes? 
3. Should you stretch the string tightly against the ruler when measuring it? Did 
you stretch it that tightly when following the shape? 
4. For the shape “T” above, which line segment is not included in perimeter? 
5. Why was it not included? 
6. Why is a ruler needed for perimeter of irregular shapes? 
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S E S S I O N  D :  C O N S T R U C T I N G  M E A N I N G  I N  G E O M E T R Y  
Duration: 90 Minutes or Five 18-minute Sessions 
Five Behavioral Objectives 
17. The learner will create a tessellation with exactly 20 congruent patterns. 
18. The learner will rearrange segments of a design to create a new symmetric 
pattern. 
19. The learner will position an image to show the effect of transformations by 
reflection through x and y axes. 
20. The learner will classify coordinates in their appropriate quadrants or axis 
category. 
21. The learner will sketch a net for a cylinder, given a model and scale factor. 
Thought for fourth session: If God works with us our work will not be in vain, but 
if He doesn’t our work can only be a failure. Psalms 127:1. 
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OBJECTIVES 17 &18: Create at least two types of patterns. 
Materials: Charts showing various designs – standard and adjusted. 
Methods: observation, demonstration, discussion, personalized activity 
Activity: Examine samples then create a design of your choice and at least 
two adjusted patterns. The adjusted patterns must be symmetric (See chart 
with patterns). 
                                      Personalized Tessellation: 
 
                                    Adjusted Symmetric Pattern 1: 
 
   Adjusted Symmetric Pattern 2: 
 
Discussion Questions 
1. Where may we find tessellations? 
2. Where may we find symmetric patterns? 
3. What do patterns do for us? 
4. How do you feel after creating a really “cool” pattern? 
5. What name is given to a pattern created by an arrangement of stars in the 
heavens?
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OBJECTIVE 19: Position an image to show the effect of transformations by 
reflection through the x and y axes. 
Materials: grid, manual, pencil/pen 
Methods: demonstration 
Activity: Show the position 1 and position 2 of the shape that has been 
transformed by reflection through the x –axis and y-axis respectively. 
            
            
 P           
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
 
Discussion Questions 
1. Is reflection a form of transformation? 
2. Are reflected images similar? 
3. Are reflected images congruent? 
4. If a pre-image is 4 steps from the reflection axis, how many steps should the 
image be from the axis? 
5. Is this activity difficult, easy, ok, almost impossible? 
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OBJECTIVE 20: Classify coordinates in their correct quadrant or axis category. 
Materials: manual, chart containing quadrants and axes clearly labeled 
Methods: observation, discussion, group and individual responses. 
Activity: First, number the axes then describe characteristics of coordinates 
based on where they belong. For example: (0, 0) belongs in the origin and (4, 
5) belongs to Q1. 
For each group of coordinates below, indicate whether it is: Pos X, Pos. Y, 
Neg. X, Neg. Y, QI, QII, QIII, or QIV. 
(0, Y) 
(0, -Y) 
1. (-2, -4), (-4, -5), (-6, -1) 2. (3, 3), (5, 8), (2, 9) 3. (-3, 0), (-6, 0), (-9, 0) 
4. (5, 0), (25, 0), (9, 0) 5. (0, 3), (0, 8), (0, 4) 6. (0, -2), (0, -8), (0, -5) 
7. (-2, 2), (-8, 7), (-3, 7) 8. (8, -2), (6, -5), (3, -6) 
                  
                  
    Q2         Q1     
                  
                  
                  
                  
(-X,0)                 (X,0) 
                  
                  
                  
                  
    Q3         Q4     
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Discussion Questions 
1. What name is given to a system of intersecting lines and a pair of numbered 
axes? 
2. Can you identify the positive only region? The negative only region? 
3. Where does the (0,0) position fall? 
4. Which position do you find it difficult to identify? 
5. Is this area of the study: too difficult, ok, easy, or too easy? 
6. What does each intersection represent? 
7. Without looking at the Cartesian plane, can you tell the quadrant or axis 
category for each coordinate pair below? 
                 (-2,-4), (2,4), (2,-4), (-2,4), & (0,4) & (2,0) 
 
 
OBJECTIVE 21: Sketch a net for a similar cylinder, given scale factor and model 
Materials: Paper, scissors, ruler, manual 
Methods: Hands-on, demonstration, discussion, PBL 
Activity: Measure circumference and height of the model then use a scale 
factor of 3 to construct a similar solid. 
3 columns & 5 rows 
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Discussion Questions 
1. Is the curved surface area of a cylinder a rectangle? 
2. How many times larger than the model is the cylinder? 
3. How were you able to tell? 
4. Does the plan create an open or closed cylinder? 
5. Was this activity difficult, ok, easy, or too easy? 
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S E S S I O N  E :  U S I N G  G E O M E T R Y  T O  S O L V E  P R O B L E M S  
Duration: 90 minutes or four 23-minute sessions 
Five Behavioral Objectives 
 
22. The learner will apply the proportion principle in calculating total 
investment and expected yield per hectare. 
23. The learner will calculate the number of boxes of tiles needed to tile a 
parallelogram, given job description. 
24. The learner will give a rationale for their selected travel route, given a 
written scenario. 
25. The learner will explain in five steps how to determine the volume of an 
irregular solid, using a graduated cylinder. 
Thought for the fifth session: Noah’s understanding of geometry helped him 
accomplish God’s will. His effort resulted in the saving of the lives of many animals 
and his family. Genesis 6:9. 
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OBJECTIVE 22: Apply the proportion principles in calculating total investment and 
expected yield per hectare 
Materials: manual, calculator 
Methods: PBL, peer review, discussion 
Activity: Complete a table based on information given. Use appropriate 
estimates rather than exact values (use a calculator to verify the relative 
accuracy of your answer). 
Fact Needed: 1 hectare = 10 000 square meters 
A 10 meter by 10 meter rectangular garden yields 50lb of soy beans with 
application of five - $3.97 bags of fertilizer. At the same rate, estimate the 
dollar amount of investment and expected yield respectively that could be 
expected from a 1 – hectare plot? 
A. $700.00 / 4000 lb B. $2000.00 / 5000 lb 
C. $400.00 / 5000 lb D. $700.00 / 6000 lb 
E. $500.00 / 7000 lb 
  
Original 
 
   X _________ 
Area   
Yield   
Fertilizer Cost   
 
Discussion Questions 
1. One hectare is equal to how many square meters? 
2. The original garden was how many square meters? 
3. How many 100s can you get from 10 000? 
4. A proper estimate of $2.97 is $2.00. True/false? 
5. What is an estimate of the cost of fertilizer for the 10 x 10 meter garden? 
6. How many 50 sq m are there in 1 hectare? 
7. What is the scale factor linking 5 and 20? 8 and 24? 50 and 10 000? 
8. Is this problem difficult, easy, ok, or impossible? 
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OBJECTIVE 23: Calculate the number of boxes of tiles needed to tile a 
parallelogram, given a job description. 
Materials: calculator, manual, pencil/pen, eraser 
Methods: PBL, discussion, peer review 
Activity: Read scenario carefully. Determine formula, shape and or 
procedure involved. 
Given that a flat area of ground to be tiled is shaped like a //gram, how many 
boxes containing 12 one-foot-square tiles would you purchase for the job if 
its dimensions are as follows: base = 18 feet, height = 9 feet, and slant side = 
10 feet? 
Discussion Questions 
1. What does a //gram look like? 
2. Is a rectangle a // gram? 
3. Is a square a //gram? 
4. Is a triangle a //gram? 
5. What formula is used to find the area of a //gram? 
6. Can you explain why this formula works? 
7. Is the length of the slant side needed to find area? 
8. How could you use the Pythagorean theorem and a bit of work to find the 
area? 
9. Do you like the formula better? 
10. Will you have to cut any tiles? 
11. Will you have left over tiles after the job is completed? 
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OBJECTIVE 24: Give a rationale for a selected route for travel. 
Materials: manual, chart with diagram and scenario 
Methods: Cooperative learning, discussion, perspectives 
Activity: Select Route AC or A--B--C then list 2 reasons why you would make 
that choice 
Scenario: Hikers are encouraged to conserve on energy and time. It is known 
that path AC is mountainous; but path AB and BC are coastal areas. Imagine 
that you are a Master Guide; which route would you recommend? Provide 
your rationale in 30 words or less. 
A 
 
 
 
 
 
 
B                                                                             C 
 
Discussion Questions 
1. What could be the consequence of a bad judgment? 
2. Does geometry always involve calculations? 
3. What calculation or information could be helpful in making this decision? 
4. Is this question vague or clear enough? 
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OBJECTIVE 25: Explain in five steps how to determine the volume of an irregular 
solid using a graduated cylinder. 
Materials: water, graduated cylinder, irregular object (small stone) 
Methods: Hands-on, demonstration 
Activity: 
Step1: Pour liquid in graduated cylinder and record first liquid volume. 
Step2: Submerge irregular object into liquid in graduated cylinder. 
Step 3: Record second liquid volume. 
Step 4: Subtract first liquid volume reading from second liquid volume 
reading to get volume of irregular solid. 
Step 5: Verify and record correct volume of the irregular object 
 
 
Discussion Questions 
1. What are 2 examples of regular solids? 
2. What are 2 examples of irregular solids? 
3. What is the difference between a regular and a graduated cylinder? 
4. Can you repeat the 5 steps demonstrated above? 
5. Is 1ml equal to 1 cubic cm? Yes/no 
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APPENDIX G 
THE G.R.A.C.E.PROJECT – MAKING MEANING AND APPLICATION IN GEOMETRY 
(DEVELOPER’S MANUAL) 
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Out-of –School Time (OST) Program 
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August 2008 
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Introduction 
Current educational research designs often show variations. However, one constant 
that is recognized by researchers, is that each design is intended to improve 
achievement. The GRACE Project is no exception and may best be understood by the 
acronym explained below: 
G – Geometry (in) -- Focuses on foundational vocabulary, principles and designs 
R – Real-life -------- Relates to every-day human activities 
A – Application ----- Profitable use of principles and skills learned 
C – Curriculum ----- 25 clearly-stated outcomes to be mastered by subjects 
E – Experience ------ The quality of the encounter as subject engages in geometry 
The G.R.A.C.E. Project is designed to make meaning and useful application in 
geometry. 
The developer’s manual is not designed to give answers; it is a plan to assist 
participants in seeking a solution for each problem. It is a resource that a parent or 
responsible adult may use to guide the learning process. It is totally unacceptable 
for anyone to write answers without first seeking an understanding of the principle 
involved in working the problem. 
For further clarification of any question, kindly contact the developer at 708 843 
3243 or 269 471 4000. The benefits that middle grade students are likely to gain 
from this curriculum will be worth the sacrifice in the long-term. 
Aim 
Two target accomplishments have been specified for this project. The cognitive 
component focuses on participants’ mastery of selected concepts in geometry, while 
renewed confidence, awareness and a positive attitude toward geometry constitute 
the primary affective outcomes. 
Rationale 
The indisputable lack of adequate foundation in geometry among U.S students is 
well emphasized in the literature. SDA Pathfinders at the 7-8 (transitional) level are 
often engaged in activities and functions which require an adequate knowledge of 
geometry. This project addresses the question of whether a proper foundation in 
geometry may enhance participants’ confidence and competence in the way they 
carry out assigned duties. It also seeks to address the need to infuse faith issues into 
the study of geometry in such a way that the discovery of new principles in 
 223 
geometry may illuminate their vision of Ultimate Intelligence in the creation of a 
world filled with design. 
Purpose 
The purpose of the G.R.A.C.E. Project was to develop and test an instructional 
product through active engagement of participants. 
Objectives 
Twenty-five clearly stated performances have been organized into five groups. Each 
group of objectives falls under a main heading which presents core contents to be 
mastered in one session. Mastery for the GRACE Project is set at 80% on each of the 
25 objectives. Items have been selected based on recommended state (Michigan, 
Illinois, and Indiana) and national standards for 7th and 8th grade geometry. Recent 
Focal Points emphases on fewer topics and greater depth have also been considered. 
The GRACE Project also presents an integrated learning plan in which instruction is 
delivered in an atmosphere where learners are encouraged to seek a greater 
understanding of the Creator of principles and patterns in geometry. 
Audience and Pre-requisites 
Individuals are considered eligible to participate in the GRACE Project if they: (1) 
are members of a local Pathfinder club, (2) are students at the seventh- or eighth-
grade-level, who needed help in geometry and (3) currently hold membership in 
any church of the Lake Union Conference. Success of each participant may be greatly 
enhanced if he/she has acquired the basic skills taught in geometry between 3rd and 
6th grade. Nevertheless, following the pre-test, the instructor will determine the 
instructional needs of each participant. Willingness to participate actively and 
cooperatively and complete follow-up assignments appropriately, are some 
attributes of the participant who is likely to achieve mastery of contents with 
relative ease. 
Description of Subject-matter 
The GRACE Project addresses basic principles, vocabulary and contents which the 
researcher believes will provide a reasonably good foundation in geometry. These 
are presented under the following 5 headings: Foundations of Geometry, Geometry 
All Around Us, Understanding Key Principles in Geometry, Constructing Meaning in 
Geometry, and Using Geometry to Solve Problems. By implementing a variety of 
methods and engaging learners in an interactive learning adventure, mastery of 
content is expected to occur within the 7 ½ hours allotted for the instruction. 
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Instructional Plan 
The framework for instruction includes the following five components: 
1. Negotiate Classroom Climate – The initial instructor-learner interaction is 
expected to conclude with clear understanding of expectations and 
resolutions for a productive encounter for the duration specified for the 
GRACE Project. 
2. Pre-instructional Inventory – Participants will be assigned a code for 
identification. Names are not allowed for the purpose of maintaining 
anonymity. Responses on the pre-test will provide helpful information 
regarding their level of competence in geometry as well as their needs and 
expectations. Seating arrangement will be specified by the test administrator. 
Participants are required to direct questions only to test coordinator. Test 
materials will be collected and immediately locked away in a secure file. 
Findings will be utilized in the delivery of more effective instruction. 
3. Selection of Relevant Methods and Materials – A mixed method with 
emphasis on Problem-Based Learning (PBL) and the constructivist approach 
will be used throughout the process. Discussion, illustration, demonstration, 
and cooperative learning will also be implemented as needed. Materials will 
be selected and made available on the basis of relevance. For example, 
calculators will be provided for activities requiring calculations. Other basic 
materials such as scissors, cord, geometry set items, charts and models will 
be made available to all participants. Additional resources such as overhead 
projector, computer, and audio visual aids may also be used where 
necessary. 
4. Focus on Mastery of Core Content – First, objectives to be addressed during 
the session will be clearly articulated by the instructor. Materials needed to 
facilitate the process will be made available, and the chosen method/s of 
instruction will be determined. Participants will then be engaged in guided 
individual or group projects. The instructor will provide support by 
answering questions, giving illustrations, and doing demonstrations. To 
conclude the session, each group will engage in answering key questions 
related to the content learned. Participants will also be required to do 
verifications, make corrections and collect assignments to be completed for 
the following session. 
A minimum score of 80% on each of the 25 behavioral objectives is the goal 
set for each learner. In order to achieve this standard, the cooperative effort 
of the facilitator; learner, and parents will be sought. For example, review of 
contents and completion of assigned home activities in preparation for the 
next session will need the attention of a responsible adult. 
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5. Post-instructional Inventory- Established protocol for the administration 
of post-test will be followed as indicated above for the pre-test. These include 
seating arrangement, method of distributing, collecting and securing test 
documents. Special care will be taken in recording test score data in order to 
comply with the wishes of subjects and their parents. 
Other Resources Necessary for Successful Teaching of the Curriculum 
The G.R.A.C.E. Project is intended to provide adequate materials to facilitate 
participants’ mastery of selected geometric concepts. Contents of developer’s and 
participant’s manuals are supplemented by relevant charts. Although the GRACE 
Project is not a technology-based program, participants may find the computer 
useful for reinforcement activities. As a result, the list of websites below has been 
recommended: 
1. http://mathforum.org/library/drmath/drmath.middle.html 
2. http://www.ies.co.jp/math/java/geo/pythasvn/pythasvn.html 
3. http://www.ies.co.jp/math/java/geo/congruent.html 
4. http://standards.nctm.org/document/chapter6/geom.htm 
5. http://www.k111.k12.il.us/King/math.htm#Geometry/ 
Continuous assessment will be implemented to familiarize participants with the 
contents covered during each session. Regular quizzes will be given (both oral and 
written) followed by discussions for the purpose of providing clarity. All activities 
including projects are designed to teach worthwhile concepts related to the study of 
geometry. Discussions will be teacher-led and all projects will be supervised by the 
instructor or his trained designee. 
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S E S S I O N  A :  F O U N D A T I O N S  O F  G E O M E T R Y  
 
It all begins with a point. A point marks a position in space but does not indicate a 
dimension. However a series of points form a line segment which  
has a single dimension. Where two line segments meet  
an angle is formed. Three line segments can form  
the simplest closed shape-a triangle. Plane  
shapes are 2-dimensional. Plane shapes  
can be used to form beautiful patterns.  
However, it takes a third dimension  
to form a solid shape. For example,  
a rectangle has two dimensions  
(length L and width W) but a  
rectangular prism has three  
dimensions (length L  
width W and height H).
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The circle is a unique plane shape. It has circumference, diameter and radius. And 
the relationship between the length of the diameter and its circumference forms a 
standard estimated value known as pi. 
 
Multiple Roles of the Instructor/Facilitator 
Duration: 90 minutes 
Format: Interactive Group 
The instructor arrives 15 minutes before participants to examine the room to 
ensure that: 
• furniture is polished and sanitized with no sharp edges 
• lighting is adequate and temperature modest 
• the room is uncluttered with adequate space for the size of the group 
• materials are relevant, adequate, organized, and accessible to all 
participants 
• charts containing formulas, sample questions and solutions, instructions, 
and diagrams are conspicuously displayed. 
 
The instructor welcomes participants by acknowledging each on a first-name 
basis. Participants are already aware of nature of the project as well as the 
expectations. Nevertheless, the instructor articulates a brief reminder in a 
positive, affirming tone. The instructors also makes mention of his/her 
commitment and availability to assist participants in achieving the goals set 
for this session. 
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Administering the Combined Pre-test 
You are expected to remain in your assigned seat during this pre-test. 
However, you may seek permission if you need to use the restroom, or stretch 
for a minute or two. Read all instructions carefully before attempting each 
question. Direct all questions to your facilitator. Do not waste time on 
questions you know you are unable to answer; instead, put an “N” to indicate 
you are not able to do it. There is absolutely no penalty for not being able to 
answer a question. This test is to help us determine how much help you will 
need to complete the program successfully. Use your assigned code (not your 
name) to identify your work. If you finish before the time, hand in your test 
then proceed to work on the puzzle provided. Your test materials will be 
collected and placed in a secure file at the conclusion of this session. You will 
begin at _____ and conclude at ______. 
Foundations of Geometry: Making Spiritual Connection 
Genesis 1:1 tells us that a Creator brought into existence principles, patterns, 
shapes and designs. In the same chapter He creates us like Himself. Hence we 
are intelligent, ______________, and ________________. (Participants may be asked to 
assist in completing the above statement). The instructor will conclude that the 
shapes patterns and principles to be explored should remind us of His wisdom 
and love for us. The instructor prays to open the sessions. 
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Session A: Foundations of Geometry 
This session consists of 6 lessons. Performance is specified as follows: 
1. The learner will select correct descriptions for: geometry, Euclidian geometry, 
and non-Euclidian geometry, given 5 selections/choices. 
2. The learner will match ten geometric symbols with their appropriate names. 
3. The learner will accurately translate into English a statement expressed in 
geometric symbols. 
4. The learner will correctly use five geometry terms, given descriptions. 
5. The learner will prepare fairly accurate sketches of graduated cylinder, triple 
beam balance, and cylinder. 
6. The learner will use definitions of congruency and similarity to write correct 
statements of equality. 
 
Lesson Outline for First Session 
1. Define geometry, Euclidian geometry, and non-Euclidian geometry. 
2. What is the name of the each of ten basic geometric symbols? 
3. What is the English equivalent of a statement written in geometric symbols? 
4. What are the correct vocabulary words for five basic processes in geometry? 
5. What are some essential features of: (a) graduated cylinder (b) cylinder and 
(c) triple beam balance? 
6. Why is A + B = C if A & B are interior angles of a triangle and C is its exterior 
angle? 
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OBJECTIVE 1 (6 points): Select correct descriptions for geometry, Euclidean 
geometry, and non-Euclidean geometry. 
Materials: Globe, dictionary excerpt, portrait of Euclid 
Method: Discussion 
Activity: Participate in discussion, read and answer questions. 
Duration: 15/90 minutes 
A. GEOMETRY: This word is made up of 2 root words, “geo” which means 
earth, and “meter” which means measurement. When combined into one 
word, they literally mean MEASUREMENT OF THE EARTH or simply EARTH 
MEASUREMENT. 
B. EUCLIDIAN GEOMETRY: Euclid was a famous mathematician who focused 
on plane geometry. A plane is a flat, 2-dimensional surface. He developed 
several rules that are accepted without question (postulates) and used by 
students and professionals in solving geometric problems. 
C. NON-EUCLIDIAN GEOMETRY: Some famous mathematicians, (example 
Gauss) focused on geometry that deals with measurements on a non-flat 
surface. For example, on a sphere parallels do intersect. So one postulate has 
been changed. 
 
Discussion Questions 
1. What are some terrestrial features that are measured? 
2. What name is given to the practice of measuring earth’s features, such as 
rivers, farmlands, and heights of mountains? 
3. What term above includes “plane geometry”? 
4. Have you gained any new knowledge from this process? 
5. What three questions can you answer accurately from this process? 
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OBJECTIVE 2: Match ten geometric symbols with their appropriate names. 
Materials: Chart, hand-outs 
Methods: Peer interview, drills & practice 
Activity: Classify symbols into two groups (known and unknown), verify the 
known with your peers, then draw and label each unknown symbol three 
times. Finally, match all symbols accurately as directed. 
Duration: 15/90 minutes 
For the chart of symbols provided, draw the symbol that corresponds with 
each name. 
Name of Geometric Symbol Design of Geometric Symbol 
1. right angle  
2. congruent  
3. similarity  
4. therefore  
5. greater than or equal to  
6. perpendicular  
7. angle  
8. line AB  
9. line segment AB  
10. degree/s  
11. arc  
12. plane  
13. circumference  
14. pi  
 
 
Discussion Questions 
1. Why are symbols used in geometry? 
2. How may we communicate effectively using the language of geometry? 
3. From your perspective, how beneficial is this activity? 
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Summary Notes ______________________________________________________________________________ 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 
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OBJECTIVE 3: Accurately translate into English a statement expressed in geometric 
symbols. 
Materials: Chart with geometric symbols, handbook, check list 
Methods: Peer coaching, practice drills, demonstration 
Activity: Review circle vocabulary example: A, Oce, r, r2, d, (A= π x r2), (C= π  
x d), etc; then practice at least three simple translations such as (C= π x d) 
meaning: “Circumference of a circle is approximately equal to π times its 
diameter.”  
Key: A (area), C or Oce (circumference), r (radius), r2 (radius x radius), d 
(diameter) 
π (pi –a value that tells how many diameters equals the length of the 
Oce of the circle) 
A. r2 = r x r not 2 x r __________________________________________________ 
B. d = r + r = 2 x r ____________________________________________________ 
C. Oce = π x d _________________________________________________________ 
D. A= π x r2 _____________________________________________________________ 
____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
 
Discussion Questions 
1. What are some motions that form circles? 
2. How important is circular motion to travel and industry? 
3. Why may junior high students use pi ≈ 3 or pi ≈ 3.14? 
4. Can you find in the Bible where 3 is used for an estimate for pi? 
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OBJECTIVE 4: Correctly use five geometry terms, given descriptions. 
Materials: Manual, chart containing geometric processes 
Methods: Discussion, peer review 
Activity: Fill in the blank spaces in A then proceed with B, C, D, & E. 
A. Supplementary angles add up to 180 degrees. Half of a circle is a turn of 
180 degrees. Therefore the following pairs of angles are supplementary – 
50 and 130                80 and 100 
30 and150 (complete)     60 and 120 (complete)        110 and 70 (complete) 
B. Some letters of the alphabet are symmetric while others are not. Look for 
balance and equality in size on either side of the line of symmetry. Some 
patterns are symmetric while others are not. 
The letter A is symmetric with a vertical line of symmetry. 
The letter B is symmetric with a horizontal line of symmetry. 
The letter C is also symmetric with a horizontal line of symmetry. 
The letter D is symmetric with a horizontal line of symmetry. 
The human body is symmetric with a vertical line of symmetry. 
Identify 2 other symmetric patterns, 2 non-symmetric patterns, 5 other 
symmetric letters, and 5 asymmetric letters. Verify correctness with at least 
one peer. 
C. POSTULATES are geometric propositions that are accepted (without 
questions/proof) and used as the basis for developing a logical argument. For 
example: If B is between A and C, then AB+ BC = AC. 
D. Similar shapes have equal corresponding angle measures, but may have 
different side lengths; for example, the shape of your textbook and that of the 
chalkboard. Both have 4 right angles. 
E. Congruent shapes have both equal corresponding angle measures and equal 
corresponding side lengths. Note that for triangles if all three corresponding 
side lengths are equal then the corresponding angle measures must also be 
equal so the triangles are congruent. This is the Side-Side-Side (SSS) 
Theorem. 
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F. What is the difference between a sector and a segment of a circle? Answer: 
A sector is shaped like a slice of pie with the two sides of the pie formed by 
two radii (the point of the pie is the center of the circle). A segment is a 
piece/section of the circle cut off by a chord (any line between two points on 
the circle). 
(1 point for each correct response) 
Discussion Questions 
1. If an area of study has its own unique vocabulary, then we may conclude that 
discipline has a LANGUAGE OF ITS OWN (complete). Hint- It allows for 
communication. 
2. Symmetry is a design feature that was originated by whom? GOD 
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OBJECTIVE 5: Prepare fairly accurate sketches of graduated cylinder, triple beam 
balance, and cylinder. 
Materials: chart containing sketch diagrams, manual 
Methods: observation, imitation, demonstration 
Activity: From the trace diagrams completed during introduction, sketch the 
following items in the space provided below: 
Graduated Cylinder Triple Beam Balance Cylinder 
 
 
 
 
 
 
Discussion Questions: 
1. What is the essential difference between a cylinder and a graduated cylinder? 
2. What are the main features of a triple beam balance? 
3. Which of the above equipment is concerned with mass? 
1. Which of the above equipment is concerned with volume? 
2. What are some units of volume? Mass? 
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OBJECTIVE 6: Use definitions of congruency and similarity to write correct 
statements of equality. 
Materials: charts containing proof samples and manual 
Methods: Demonstrations, peer coaching 
Activity: Identify corresponding sides of congruent triangles. Then fill in the 
blank spaces below. 
A                                                                                                                                                    B 
 
 
 
 
 
 
 
 
 
C                                                                                                                                                      D 
STATEMENTS OF EQUALITY: CONGRUENCY 
ABD & ACD are  figures if corresponding sides are exactly the 
same. 
1. AB = CD 
2. AC = BD 
3. AD = AD 
Since all 3 corresponding angles are also congruent, ABD is similar to ACD. 
 
STATEMENTS OF EQUALITY: SIMILARITY 
PQR & P1Q1R1 are similar if their corresponding angles are congruent 
1. Angle P  = Angle P1 
2. Angle Q  =.Angle Q1 
3. Angle R  =.Angle R1 
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P 
Q R 
 
     P1 
     Q1  R1 
Comparison: Congruent shapes must have the same SHAPE (angles) and SIZE. 
Similar shapes must have the same SHAPE but may be different sizes. 
Discussion Questions: 
1. Is the model of a house congruent to the house? 
2. Is the model of the house similar to the house? 
3. Identical houses built from the model are congruent. True/False? 
4. What does the reflexive property mean? Hint: Examine congruent triangles 
above. 
Note to Participants 
Each concept taught must be given your fullest attention if you plan to score 80% or 
better on the post-test. You are also being encouraged to continue participating in 
all reinforcement activities which are designed to clarify what you have already 
learned. Practice exercises completed at home will also be helpful. 
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S E S S I O N  B :  G E O M E T R Y  A L L  A R O U N D  U S  
 
Reoccurring patterns in nature capture our attention from time to time. For  
example, the triangle elevation of the pine tree, the bell-shaped  
design of hills and mountains and the spherical motif of  
the grapefruit and passion fruit. Points, angles,  
shapes and designs can be identified not only  
in nature but also in the architecture.  
We can learn geometry from general  
observations but keen attention  
is needed if we must master  
important concepts  
needed to improve  
our lives. 
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Multiple Roles of the Instructor/Facilitator 
Duration: 90 minutes 
Format: Interactive Group 
The instructor arrives 15 minutes before participants to examine the room to 
ensure that: 
• furniture is polished and sanitized with no sharp edges 
• lighting is adequate and temperature modest 
• the room is uncluttered with adequate space for the size of the group 
• materials are relevant, adequate, organized, and accessible to all 
participants 
• charts containing formulas, sample questions and solutions, instructions, 
and diagrams are conspicuously displayed 
The instructor welcomes participants by acknowledging each on a first-name 
basis. Participants are already aware of nature of the project as well as the 
expectations. Nevertheless, the instructor articulates a brief reminder in a 
positive, affirming tone. The instructor directs a commendation toward each 
participant then renews his/her commitment and availability to assist 
participants in achieving the goals set for this session. 
 
Welcome to Session B of the G.R.A.C.E. Project where geometry is made simple. 
Geometry All Around Us: Making a Spiritual Connection 
Psalms 19:6 tells us that evidences of a Creator are revealed by patterns, 
shapes and designs in the heavens as well as all around us. He created us like 
Himself. Hence when we study ______________________ in the heavens and 
_______________ on the earth we are learning more about our ___________ 
(Participants may be asked to assist in completing the above statement). The 
instructor will conclude that the shapes patterns and principles to be explored 
should remind us of His wisdom and love for us. Then prayer is offered. 
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Session B: Geometry All Around Us 
This session consists of 5 lessons. Performance is specified as follows: 
  7. The learner will identify five geometric shapes that are visible in nature, 
given clear descriptions of each. 
  8. The learner will differentiate basketball and circle (in terms of their unique 
properties) in 15 words or less. 
  9. The learner will choose the best estimates of area and perimeter of a 
trapezium, given four choices. 
10. The learner will determine a pair of possible dimensions of a cuboid whose 
volume is given. 
12. The learner will identify a transformation out of six choices, given a 
diagram of the transformation of a shape in the Cartesian plane. 
 
Lesson Outline for Second Session 
1. What is the name of the shape being described? 
2. What is the essential difference between a globe and a circle? 
3. Appropriate estimates of area and perimeter of trapezoid. 
4. Dimensions of cubes having equal volumes. 
5. Describing transformation as observed. 
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OBJECTIVE 7: Identify five geometric shapes that are visible in nature, given clear 
descriptions. 
Materials: Chart containing descriptions, manual 
Methods: Discussion, peer sharing 
The Master Designer has included a variety of geometric shapes in nature. For a-e 
name the shape described: 
A. The general plan of the pine trees circle 
B. The general elevation of the pine tree triangle 
C. Shape of each cell of the honeycomb hexagon 
D. General shape of the trunk of a tree cylinder 
E. Shape of a grapefruit/orange sphere 
Discussion Questions 
1. How many items did you get correct? 
2. Who is the originator of geometric patterns and designs? 
 
OBJECTIVE 8: Differentiate between basketball and circle (in terms of their unique 
properties) in 15 words or less. 
Materials: chart containing sphere and circle peculiarities 
Methods: observation, discussion, cooperative learning 
Activity: Prepare t-chart with list of similarities and differences between 
both shapes, then state in 15 words or less the difference between the 
shapes. 
Hint: Focus on classification and properties of each. 
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Comparing and Contrasting the Sphere and the Circle 
SIMILARITIES DIFFERENCES 
  
1. Both are round  
2. Both are geometric shapes  
3.   
4.  
5.  
 
Discussion Questions 
1. How are cylinders, cones and cubes similar? 
2. How are triangles, rectangles and trapezoids similar? 
3. Containers have capacity/volume. 
4. But, plane figures have only 2 dimensions 
5. What are examples of approximate spheres? 
6. What are examples of approximate circles? 
 
OBJECTIVE 9: Choose best estimates of area and perimeter of a trapezium, given 
four choices. 
Materials: manual, chart containing formulas of plane shapes 
Methods: Peer sharing, drills & practice 
Activity: Find area and perimeter of the trapezoid below, given that b1 = 
8cm, b2 = 10 cm, and h = 6 cm, SI =9cm & S2 = 7cm. Work with a group 
member then compare answers before showing it to the facilitator. 
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The parallel sides of a trapezoid are called the 
bases, here symbolized by b1 and b2. 
 
The height of the trapezoid is the perpendicular 
distance between the bases, here symbolized by 
h. 
 
The area of the trapezoid is equal to the average 
of the bases times the height. So, you add the two 
bases, divide by 2, and then multiply by the 
height. This would be: 
 
area = ((b1 + b2) / 2)h 
 
 
Discussion Questions: 
1. Instead of the number 6, the value could be 5.97 or 6.02. How would this 
change things? Why? 
2. What pair of values could have been assigned for 8 and 10? 
3. Which formulas were used in this activity? 
4. Can you explain why those two formulas work? 
 
OBJECTIVE 10: Determine a pair of possible dimensions of a cuboid whose volume 
is given. 
Materials: manual, model of cuboid, ruler 
Methods: observation, demonstration, hands-on 
Activity: Measure and record length, width & height of cuboid in cm/inch. 
Multiply all 3 lengths to get volume in cubic centimeters or cubic inches. 
Then complete the following statements below with at least one group 
member. 
A cuboid is a box-shaped object. It has six flat 
sides and all angles are right angles. 
 
 245 
And all of its faces are rectangles. 
It is also a prism because it has the same 
cross-section along a length. In fact it is a 
rectangular prism. 
 
1. The volume of a cuboid is 200 cubic centimeters. Which of the dimension sets 
below are possible? 
A. L = 10 cm W= 5cm H = 4cm 
B. L = 4 cm W = 10 cm H = 5cm 
C. L = 80cm W = 50cm H = 70cm 
D. L = 20cm  W = 5cm H= 2cm 
Discussion Questions 
1. Is a cuboid regular or irregular? Why? 
2. A synonym for “number of cubes that fits within a given space” is? ____________ 
3. What are two other metric units of volume? ______________ and _____________ 
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OBJECTIVE 11: Identify  transformation out of six choices, given a diagram of the 
transformation of a shape in the Cartesian plane. 
Materials: manual, grid sheets, chalkboard 
Methods: Discussion, demonstration, hands-on 
Activity: Show that a double translation has occurred. 
           
           
           
       K2    
           
           
           
           
         
           
           
           
   KI        
           
           
           
 
Discussion Questions 
1. What do you notice about KI and K2? 
2. What two routes are likely for this transformation? 
3. In what other ways are images transformed? 
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S E S S I O N  C :  U N D E R S T A N D I N G  K E Y  P R I N C I P L E S  I N  
G E O M E T R Y  
 
Many geometric principles are based on observations. For example a  
reflection of a pre-image is identical to the pre-image. Or,  
half of a revolution equals 180 degrees, since  
a complete turn covers a distance  
of 360 degrees. 
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Multiple Roles of the Instructor/Facilitator 
Duration: 90 minutes 
Format: Interactive group 
The instructor arrives 15 minutes before participants to examine the room to 
ensure that: 
1. Furniture is polished and sanitized with no sharp edges. 
2. Lighting is adequate and temperature modest. 
3. The room is uncluttered with adequate space for the size of the group. 
4. Materials are relevant, adequate, organized, and accessible to all participants. 
5. Charts containing formulas, sample questions and solutions, instructions, and  
6. Diagrams are conspicuously displayed. 
 
 
The instructor welcomes participants by acknowledging each on a first-name 
basis. Participants are already aware of nature of the project as well as the 
expectations. Nevertheless, the instructor articulates a brief reminder in a 
positive, affirming tone. The instructor directs a commendation toward each 
participant with specific reference to his/her progress during the previous 
session then renews his/her commitment and availability to assist 
participants in achieving the goals set for this session. Instructor exudes much 
enthusiasm. 
Understanding Key Principles in Geometry: Making a Spiritual Connection 
1 Kings Chapter 6 tells us that our Creator is able to enhance our knowledge of principles 
patterns, shapes and designs in geometry. He created us like Himself. Hence, when we 
study how He gave clear _________________ and imparted ____________________ for the building 
of His __________________, we know for sure that we can depend on Him to help us build 
characters for eternity. Ask learner to assist in completing the above statement/s. The 
instructor concludes that the shapes patterns and principles to be explored should 
remind us of His wisdom. and love for us. The instructor/participant prays to open 
sessions. 
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Session C: Understanding Key Principles in Geometry 
This session consists of 5 lessons. Performance is specified as follows: 
12. The learner will determine equivalent estimates of pi by comparing 
diameter and circumference of a circle. 
13. The learner will write true statements leading to the conclusion that for 
any triangle RPQ, the sum of the interior angles equals the exterior angle. 
14. The learner will answer six questions related to the formula “D=m/v” 
correctly. 
15. The learner will apply the Pythagorean Theorem by selecting the 
appropriate anchor position of the rope, when a pole is erected at 90 
degrees with the ground, given a diagram showing the various positions 
and the rope. 
16. The learner will explain in five steps how to determine perimeter of an 
irregular plane shape with a string and ruler. 
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Lesson Outline for Third Session 
1. What are the equivalent mixed and improper fractional estimates of pi? 
2. Why is the sum of interior angles of a triangle equal to its exterior angle? 
3. What are the components of density? 
4. How does Pythagoras’ theorem function? 
5. How is the perimeter of an irregular shape determined? 
 
OBJECTIVE 12: Determine equivalent estimates of pi by comparing diameter and 
circumference of a circle. 
Materials: manual, chart containing pi, cord, scissors, ruler 
Methods: Hands-on demonstration, discussion, peer sharing 
Activity: Use the cord to form a circle with its diameter. Extend the 
circumference and compare it with diameter to see the relationship. Record 
the estimated number of times longer than its diameter is the length of the 
circumference. 
 
Label the circle with: radius, chord, circumference, and diameter, then 
respond to the questions below. 
Discussion Questions 
1. Is pi a ratio, fraction or both? 
2. What is a mixed fractional estimate of pi? 
3. What is a decimal approximation of pi? 
4. What is an improper fraction estimate of pi? 
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5. Why is it ok for younger learners to use 3 as an estimate for pi? 
6. Is the definition of pi abundantly clear to you now? 
OBJECTIVE 13: Write true statements leading to the conclusion that for any triangle 
RPQ, the sum of the interior angles equals the exterior angle. 
Materials: manual, chart containing samples of proof 
Methods: discussion, exposition, peer sharing, hand-outs 
Activity: Identify what is given that helps you develop your argument. Find 
the 3rd angle of the triangle, then draw conclusion regarding equality. 
 
For any PRQ 
• m P + m R + m Q =180 
• m R + m Q = 180 - m P 
• m P + m X = 180 
• m X = 180 - m P 
• So, m <X = m<R + m<Q 
• Thus, , m X =72+45=117 
 
How may we determine the value of the unmarked angle inside of the triangle? 
What is the relationship between the unmarked angle inside of the triangle and 
angle X? Would this process always work? Try to write out the general steps of this 
process. 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
________________________________________________________________________________________________ 
Discussion Questions 
1. Why is the difference between inductive and deductive reasoning? 
2. Where was each type of reasoning used above? 
3. Can statements be proved by inductive reasoning? 
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4. How would you rate this introduction to proof in geometry? (easy, difficult, 
challenging, manageable) 
OBJECTIVE 14: Answer six questions related to “D = M/V” correctly. 
Materials: a rectangular block of wood, manual, ruler, calculator 
Methods: Cooperative learning, hands-on, discussion 
Activity: Discuss procedure for finding density. Assign part of the task to 
different group members; then finalize the answers. 
A cylindrical block measures 360 units on a triple beam balance, if its base 
area and height are 9 and 8cm, calculate its density then answer the 
questions below. 
1. What is the appropriate unit for base area? _______________________ 
2. What is the correct formula for density? ________________________ 
3. What formula was most likely used to calculate the base area? _______________ 
4. Which value represents the density? ____________________ 
5. The ratio unit used to express density is? _____________________ 
6. Explain “E” completely. _____________________________________________________________ 
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
________________________________________________________________________________________ 
Discussion Questions 
1. Which material has the lower density, sponge or wood? 
2. Is density related to weight? Mass? Or both? 
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OBJECTIVE 15: Apply the Pythagorean Theorem by selecting the appropriate 
anchor position of the rope when a pole is erected at 90 degrees with the ground, 
given a diagram showing the various positions and the rope. 
Materials: chart containing Pythagoras’ theorem, manual, grid containing 
diagram, string or cord, measuring tape, table of values based on PT 
Methods: Outdoor demonstration, hands-on, observation, discussion 
Activity: Based on the 3-4-5 relationship established by Pythagoras, adjust 
the slant line (when stretched at 5 unit lengths) so that it is positioned 
correctly, given that the horizontal axis uses the same scale as the vertical 
axis. 
A. Position #2 
B. Position #4 
C. Position #6 
D. Between positions #4 & #6 
     
     
  L   
     
     
     
                             1               2              3             4            5 
Discussion Question 
1. What are the 3 related equations that make up the Pythagoras’ theorem? 
2. The square root of 30 falls between which two whole numbers? 
3. Do you find the application of this theorem easy, ok, difficult or impossible? 
4. Why do you think this theorem is so important in architecture? 
5. Why do you consider it important to be learned in middle school? 
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6. Is the concept easy, difficult, ok, or too difficult? 
OBJECTIVE 16: Explain in five steps how to determine the perimeter of an irregular 
plane shape with a string and ruler. 
Materials: manual, cord, trace diagram of the shape, marker, ruler 
Methods: Hands-on, demonstration, discussion, observation 
Activity: Place cord exactly over the irregular diagram. Mark where the cord 
meets the initial end. Remove and measure the cord; then, record the 
measurement as perimeter of the shape in centimeters or inches. 
       
       
        
     
       
  T     
     
     
        
       
 
Discussion Questions 
1. What are 2 examples of regular shapes? 
2. Can you repeat at least 4 steps in finding perimeter of irregular shapes? 
3. Should you stretch the string tightly against the ruler when measuring it? Did 
you stretch it that tightly when following the shape? 
4. For the shape “T” above, which line segment is not included in perimeter? 
5. Why was it not included? 
6. Why is a ruler needed for perimeter of irregular shapes? 
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S E S S I O N  D :  C O N S T R U C T I N G  M E A N I N G  I N  G E O M E T R Y  
 
We may design our own patterns and structures in geometry. This is known as  
creativity. Or, we may imitate the creative works of others.  
Whenever we engage in meaningful activities  
that enrich our experiences and improve  
the quality of our lives we are  
experiencing the benefits  
of geometry. 
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Multiple Roles of the Instructor/Facilitator 
Duration: 90 minutes 
Format: Interactive Group 
The instructor arrives 15 minutes before participants to examine the room to 
ensure that: 
• furniture is polished and sanitized with no sharp edges 
• lighting is adequate and temperature modest 
• the room is uncluttered with adequate space for the size of the group 
• materials are relevant, adequate, organized, and accessible to all 
participants 
• charts containing formulas, sample questions and solutions, instructions,  
• and diagrams are conspicuously displayed. 
 
The instructor welcomes participants by acknowledging each on a first-name 
basis. Participants are already aware of nature of the project as well as the 
expectations. Nevertheless, the instructor articulates a brief reminder in a 
positive, affirming tone. The instructors also makes mention of his/her 
commitment and availability to assist participant s in achieving the goals set for 
this session. 
 
Constructing Meaning in Geometry: Making a Spiritual Connection 
Psalms 127:1 tells us that our Creator wants us to build with Him so that our 
work may not be in vain. True meaning of our work comes only as _________ 
becomes ________________ (Participants may be asked to assist in completing the 
above statement). The instructor will conclude that when we include God in 
our projects we become partners with Him and He delights to use our talents 
for the up-building of His cause. The instructor/participant volunteer prays to 
open the sessions. 
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Session D: Constructing Meaning in Geometry 
This session consists of 5 lessons. Performance is clearly specified as follows: 
17. The learner will create a tessellation with exactly 20 congruent patterns. 
18. The learner will rearrange segments of a design to create a new symmetric 
pattern. 
19. The learner will position an image to show the effect of transformations by 
reflection through x and y axes. 
20. The learner will classify coordinates in their appropriate quadrants or axis 
category. 
21. The learner will sketch a net for a cylinder, given a model and scale factor. 
 
Lesson Outline for Third Session 
1. What are tessellations? 
2. What are congruent, symmetric patterns? 
3. What constitutes transformation by reflection? 
4. How many coordinate positions exist? 
5. How to use a model in construction 
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OBJECTIVES 17 &18: Create a tessellation. Create a symmetric pattern. 
Materials: Charts showing various designs – standard and adjusted 
Methods: observation, demonstration, discussion, personalized activity 
Activity: Examine samples then create a design of your choice and at least 
two adjusted patterns. The adjusted patterns must be symmetric (See charts 
with patterns.) 
Personalized Tessellation: 
 
Adjusted Symmetric Pattern 1: 
 
Adjusted Symmetric Pattern 2: 
 
Discussion Questions 
1. Where may we find tessellations? 
2. Where may we find symmetric patterns? 
3. What do patterns do for us? 
4. How do you feel after creating a really “cool” pattern? 
5. What name is given to a pattern created an arrangement of stars in the 
heavens? 
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OBJECTIVE 19: Position an image to show the effect of transformations by 
reflection through the x and y axes. 
Materials: grid, manual, pencil/pen 
Methods: demonstration 
Activity: Show the position 1 and position 2 of the shape that has been 
transformed by reflection through the x-axis and y-axis respectively. 
            
            
 P        P1   
            
            
            
            
            
            
            
            
            
            
            
            
            
            
         P2   
            
            
 
Discussion Question 
1. Is reflection a form of transformation? 
2. Are reflected images similar? 
3. Are reflected images congruent? 
4. If a pre-image is 4 steps from the reflection axis, how many steps should the 
image be from the axis? 
5. Was this activity difficult, easy, ok, too easy, or almost impossible? 
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OBJECTIVE 20: Classify coordinates in their correct quadrant or axis category. 
Materials: manual, chart containing quadrants and axes clearly labeled 
Methods: observation, discussion, group and individual responses 
Activity: First, number the axes then describe characteristics of coordinates 
based on where they belong. For example: (0, 0) belongs in the origin and (4, 
5) belongs to Q1. For each group of coordinates below, indicate whether it is:  
Pos X, Pos Y, Neg X, Neg Y, QI, QII, QIII, or QIV. 
1. (-2, -4), (-4, -5), (-6, -1) 2. (3,3), (5,8), (2, 9) 3. (-3, 0), (-6, 0), (-9, 0) 
4. (5, 0), (25, 0), (9, 0) 5. (0, 3), (0, 8), (0, 4) 6. (0, -2), (0, -8), (0, -5) 
7. (-2, 2), (-8, 7), (-3, 7) 8. (8, -2), (6, -5), (3, -6) 
(+Y) 
                  
                  
                  
                  
    Q2         Q1     
                  
                  
                  
                  
(-X)                 (+X) 
                  
                  
                  
                  
    Q3         Q4     
                  
                  
                  
                  
                  
(-Y) 
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Discussion Questions 
1. What name is given to a system of intersecting lines and a pair of numbered 
axes? 
2. Can you identify the positive only region? The negative only region? 
3. Where does the (0,0) position fall? 
4. Which position do you find difficult to identify? 
5. What does each intersection represent? 
6.  Without looking at the Cartesian plane, can you tell the quadrant or axis 
category for each coordinate pair below? 
                 (-2,-4), (2,4), (2,-4), (-2,4), & (0,4) & (2,0) 
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OBJECTIVE 21: Sketch a net for a similar cylinder, given scale factor and model 
Materials: Paper, scissors, ruler, manual 
Methods: Hands-on, demonstration, discussion, PBL 
Activity: Measure circumference and height of the model then use a scale 
factor of 3 to construct a similar solid. 
                                                   3 columns & 5 rows 
   
   
   
   
   
3x3 = 9 columns & 5x3 = 15 rows 
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
 
(3 points for correct interpretation of scale factor; 3 points for sketch having 
correct proportions) 
Discussion Questions 
1. Is the curved surface area of a cylinder a rectangle? 
2. How many times larger than the model is the cylinder? 
3. How were you able to tell? 
4. Does the plan create an open or closed cylinder? 
5. Is this activity difficult, easy, ok, too easy, or almost impossible? 
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S E S S I O N  E :  U S I N G  G E O M E T R Y  T O  S O L V E  P R O B L E M S  
 
If Pathfinders need to purchase tiles to cover a 100ft x 75ft surface they first of  
all need to determine the cost in the form of a reasonable estimate.  
If the center pole of the tent is not vertical, they need  
to find a way to correct the problem. And if  
they need to construct a storage with a  
capacity of 120000 cubic feet, they  
really have some groundwork to  
do. The above are practical  
problems that an  
understanding  
of geometric  
concepts  
may help  
resolve. 
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Multiple Roles of the Instructor/Facilitator 
Duration: 90 minutes 
Format: Interactive Group 
The instructor arrives 15 minutes before participants to examine the room to  
ensure that: 
• furniture is polished and sanitized with no sharp edges 
• lighting is adequate and temperature modest 
• the room is uncluttered with adequate space for the size of the group 
• materials are relevant, adequate, organized, and accessible to all 
participants 
• charts containing formulas, sample questions and solutions, instructions, 
and diagrams are conspicuously displayed. 
 
The instructor welcomes participants by acknowledging each on a first-name 
basis. Participants are already aware of nature of the project as well as the 
expectations. Nevertheless, the instructor articulates a brief reminder in a 
positive, affirming tone. The instructors also makes mention of his/her 
commitment and availability to assist participant s in achieving the goals set for 
this session. 
 
Using Geometry to Solve Problems: Making Spiritual Connection 
Genesis 6:9 God specifies dimensions for the building of an Ark. He also imparts 
wisdom and courage to His servant Noah who used his knowledge of geometry 
to please God. We may also seek to _______________ God who is ready and willing 
to ____________ knowledge to us. (Participants may be asked to assist in 
completing the above statement). The instructor will conclude that God is able 
to help us learn principles and skills that we may use in His service. Instructor 
or volunteer prays to open the sessions. 
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Section E: Using Geometry to Solve Problems 
This session consists of 5 lessons. Performance is specified as follows— 
The learner will: 
22. The learner will apply the proportion principle in calculating total 
investment and expected yield per hectare. 
23. The learner will calculate the number of boxes of tiles needed to tile a 
parallelogram, given job description. 
24. The learner will give a rationale for their selected travel route, given a 
written scenario. 
25. The learner will explain in five steps how to determine the volume of an 
irregular solid, using a graduated cylinder. 
Course Outline 
1. Making table of values based on stated criterion 
2. Using calculator for accurate calculations. 
3. Using creative judgment in decision making 
4. Finding volume of irregular solid 
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OBJECTIVE 22: Apply the proportion principle in calculating total investment and 
expected yield per hectare. 
Materials: manual, calculator 
Methods: PBL, peer review, discussion 
Activity: Complete a table based on information given. Use appropriate 
estimates rather than exact values (use calculator to verify the relative 
accuracy of your answer). 
Fact Needed: 1 hectare = 10 000 square meters 
A 10 meter by 10 meter rectangular garden yields 50lb of soy beans with 
application of five - $3.97 bags of fertilizer. At the same rate, estimate the 
dollar amount of investment and expected yield respectively that could be 
expected from a 1 – hectare plot? 
A. $700.00 / 4000 lb B. $2000.00 / 5000 lb 
C. $400.00 / 5000 lb D. $700.00 / 6000 lb 
F. $500.00 / 7000 lb 
  
Original 
 
   X 100 
Area 100 sq meter 10 000 sq meter 
Yield 80 lb 8000lb 
Fertilizer Cost $15.00 $1500.00 
 
Discussion Questions 
1. One hectare is equal to how many square meters? 
2. The original garden was how many square meters? 
3. How many 100s can you get from 10 000? 
4. A proper estimate of $2.97 is $2.00. True/false? 
5. What is an estimate of the cost of fertilizer for the 10 x 10 meter garden? 
6. How many 50 sq. meters are there in 1 hectare? 
7. What is the scale factor linking 5 and 20? 8 and 24? 50 and 10 000? 
8. Is this problem difficult, easy, ok, or impossible? 
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OBJECTIVE 23: Calculate number of boxes of tiles needed to tile a parallelogram, 
given a job description. 
Materials: calculator, manual, pencil/pen, eraser 
Methods: PBL, discussion, peer review. 
Activity: Read scenario carefully. Determine formula, shape and or 
procedure involved. Given that a flat area of ground to be tiled is shaped like 
a //gram, how many boxes containing 12 one-foot-square tiles would you 
purchase for the job if its dimensions are as follows: base = 18 feet, height = 9 
feet, and slant side = 10 feet? 
Solution Steps: 1. Sketch the shape indicated and put in all dimensions. 
2. Calculate total # of tiles needed for the complete job. 
3. Divide by the number of tiles in each box. 
4. Give a justifiable estimate. 
Discussion Questions 
1. What does a //gram look like? 
2. Is a rectangle a // gram? 
3. Is a square a //gram? 
4. Is a triangle a //gram? 
5. What formula is used to find the area of a //gram? 
6. Can you explain why this formula works? 
7. Is the length of the slant side needed to find area? 
8. How could you use the Pythagorean theorem and a bit of work to find the 
area? 
9. Do you like the formula better? 
10. Will you have to cut any tiles? 
11. Will you have left over tiles after the job is completed? 
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OBJECTIVE 24: Give a rationale for their selected travel route, given a written 
scenario. 
Materials: manual, chart with diagram and scenario 
Methods: Cooperative learning, discussion, perspectives 
Activity: Select Route AC or A--B--C then list 2 reasons why you would make 
that choice 
Scenario: Hikers are encouraged to conserve on energy and time. It is known 
that path AC is mountainous; but path AB and BC are coastal areas. Imagine 
that you are a Master Guide; which route would you recommend? Provide 
your rationale in 30 words or less. 
A 
 
 
 
 
 
 
B                                                                              C 
 
Possible Response #1: 
I would choose A ----- B ----- C because coastal areas are usually flat and 
requires less energy for travel. It is a longer route but allows for faster travel 
which conserves on time. 
Possible Response #2: 
OR: I would choose route A-C because it is a shorter route, and Pathfinders 
are trained to overcome obstacles rather to avoid them. 
Discussion Questions 
1. What could be the consequence of a bad judgment? 
2. Does geometry always involve calculations? 
3. What calculation or information could be helpful in making this decision? 
4. Is the question vague or clear enough? 
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OBJECTIVE 25: Explain in five steps how to determine the volume of an irregular 
solid using a graduated cylinder. 
Materials: water, graduated cylinder, string, or cord, irregular object (small 
stone) 
Methods: Hands-on, demonstration 
Activity:  
Step1: Pour liquid in graduated cylinder and record first liquid volume. 
Step2: Submerge irregular object into liquid in graduated cylinder. 
Step 3: Record second liquid volume. 
Step 4: Subtract first liquid volume reading from second liquid volume 
reading to get volume of irregular solid. 
Step 5: Verify and record correct volume of the irregular object 
 
Discussion Questions 
1. What are 2 examples of regular solids? 
2. What are 2 examples of irregular solids? 
3. What is the difference between a regular and a graduated cylinder? 
4. Can you repeat the 5 steps demonstrated above? 
5. Why did we use the cord or string? 
6. Is 1ml equal to 1 cubic cm? Yes/no
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